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SUMMARY 

Statement  of  Problem 

This  report  is  an  assessment  of  the  structure  and  the  capacity 
of  the  U.S.  aircraft  turbine  engine  industry.  The  purpose  of  the 
report  is  to  assist  the  DoD  in  developing  appropriate  policies  for 
the  acquisition  of  aircraft  turbines  and  for  surge  planning. 
Characteristics  of  the  Aircraft  Turbine  Engine  Industry 

o The  Aircraft  Turbine  Engine  market  is  one  of  the  most  highly 
concentrated  industries  in  the  U.S.  with  four  of  its  seven  manufacturers 
accounting  for  over  90  per  cent  of  output  in  recent  years.  The  size  of 
the  market  for  military  engines  has  declined  from  $3.75  billion  in  1966 
to  $2.00  billion  in  1975  (in  constant  1975  dollars).  The  market  share 
of  the  two  leading  manufacturers  (Pratt  & Whitney  and  General  Electric) 
has  increased  from  67  percent  to  80  percent.  This  trend  to  fewer  acqui- 
sition dollars  and  an  increasing  degree,  of  concentration  is  also  evident 
in  12  of  13  other  DoD  procurement  categories.  The  leading  manufacturers 
are  obtaining  a larger  share  of  the  fewer  dollars  spent.  However,  there 
has  been  no  manufacturer  exiting  from  the  turbine  market  in  the  last 
12  years. 

o The  turbine  engine  market  consists  of  6 submarkets  whose  products 
are  differentiated  by  engine  characteristics,  technology,  manufacturing 
scale  and  market  size.  Each  submarket  attracts  a different  set  of 
manufacturers.  Two  submarkets  have  accounted  for  over  80  per  cent  of 
production  by  weight  in  the  1961-1975  time  period.  These  submarkets  are 
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turbojet  and  turbofan  engines  in  the  6,000-18 , 000  lbs.  of  thrust 
class  and  18,000-55,000  lbs.  of  thrust  class.  Although  there  are 
7 manufacturers  of  turbine  engines  in  the  U.S.,  the  maximum  number 
of  manufacturers  in  any  submarket  is  four.  In  the  two  major  sub- 
markets  there  are  only  three  and  two  manufacturers  respectively. 

o Production  in  the  1961-75  time  period  has  been  characterized 
by  a prominent  peak  in  1966-1968.  This  peak  was  caused  by  a combina- 
tion of  Vietnam  War  surge  demand,  strong  DoD  major  weapon  acquisition 
and  a peak  in  civilian  engine  demand.  Since  196S,  production  has 
declined  and  was  significantly  lower  in  1972-1975  than  at  any  time  in 
the  last  15  years.  Annual  production  in  1971-75,  as  measured  by 
weight  of  engines,  was  49  percent  of  production  in  the  1966-70  period 
and  75  percent  of  production  in  the  1961-65  period. 

o Lead  times  for  certain  component  parts  have  varied  over  time, 
with  shortest  lead  times  in  the  1963-1967  period  and  .longest  lead  times 
in  the  1971-1974  period.  Typically  lead  times  for  controls  was  around 
11  months  in  1965  and  15  months  in  1973.  Overall  engine  lead  times 
varied  from  10  to  21  months. 

o Employment  of  production  workers  and  output  during  the  1961-75 
period  were  closely  related.  The  average  production  in  1961-75  was  14. S 
million  pounds  of  engines  annually.  The  marginal  number  of  production 
workers  required  to  produce  an  additional  million  pounds  of  engines  war. 

1730.  A much  weaker  relationship  exists  between  engineering  and 
managerial  staff  and  output. 
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o Labor  productivity  measured  by  pounds  of  engine  per  production 
worker  over  the  1961-75  period  shows  that  the  peak  productivity  of 

4 

315  pounds  per  year  per  production  worker  occurred  during  the  1966-68 
production  period.  Current  productivity  is  the  lowest  in  the  time, 
period  and  is  less  than  175  pounds  per  worker  per  year.  Large  amounts 
of  subcontracting  during  the  peak  1966-68  period  nay  inflate  somewhat 
the  apparent  productivity  of  workers  in  the  industry  during  that  period. 

o Although  turbine  engine  production  has  decreased  by  49  percent, 
data  available  on  industry  floor  space  shows  no  significant  contraction. 

o A rapid  increase  in  production  occurred  in  the  1965-1967  period, 
rising  from  13.4  million  pounds  to  25.2  million  pounds.  Study  of  data 
in  this  period  provides  the  following  insights  into  production  in  terms 
of  surge. 

o A significant  part  of  the  turbine  engine  industry  surge 
capacity  depends  on  the  subcontractors.  It  appears, 
from  limited  data,  that  the  make  buy  ratio  shifts  from 
around  50/50  in  periods  of  non-peak  production  to  30/70 
in  periods  of  peak  production, 
o Third  shifts  in  periods  of  surge  become  15-25  percent  of 
the  workforce  as  compared  to  5-15  percent  in  other  times. 

Second  shift  utilization  does  not  change  drastically, 
o Surge  capacity  is  the  maximum  production  capability  with  present 
plant  and  equipment,  assuming  unlimited  labor  and  material  supplies.  The 
calculation  of  this  surge  capacity  however  is  imprecise  with  no  one 
method  being  completely  satisfactory. 
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o Historical  periods  of  peak  production  (1967-8)  can  be 
taken  as  proven  production  capacity.  Assuming  no  change 
in  capacity  and  plant  between  196S  and  1975,  and  the  same 
subcontractor  capacity,  estimates  can  be  made  of  the  relation- 
ships of  peak  production  to  present  production.  The  ratio 
of  1975  produciton  to  peak  year  production  for  the  industry 
as  a whole  is  1/2.6  or  .38.  Because  military  production 
constitutes  about  50  percent  of  current  production,  surge 
military  production  could  potentially  be  increased  by  about 
500  percent  based  upon  this  estimate.  This  percentage 
varies  among  the  different  turbine  engine  submarkets.  For 
very  large  turboshaft  engines  ( ;>  2000  hp)  and  turbojet 

engines  (18-55  thousand  lbs.  of  thrust),  surge  ratios  (1975 
to  peak  year  production)  are  about  .5.  For  smaller  engine 
markets  the  surge  ratios  are  in  the  .15  to  .5  range, 
o Historical  surge  rates  can  also  provide  some,  estimates  of 
what  performance  might  be  expected  in  times  of  future  surge. 
From  1965  to  1967,  total  industry  production  increased  from 
13.4  to  25.1  million  lbs.,  a rise  of  90%.  Individual  com- 
panies experienced  production  increases  of  from  60%  to  300% 
in  terms  of  maximum  production  increase  over  a two  year 
period . 
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CHAPTER  I 


Introduction 


Summary  of  MATHTRCll  Analysis  of  the  Industrial  Rase 

At  the  initiation  of  the  present  contract,  DoD  lmd  several  concerns 
which  prompted  their  study  of  the  industrial  huso.  These  concerns 
included: 

*>  Apparent  declining  industrial  base  in  the  subcontractor 
i ndus t ry, 

• Inability  to  meet  surge  demand  in  recent  past  for 
selected  items, 

• Increasing  unit  production  costs  of  certain  procurement 
items, 

• Apparent  over-capacity  in  certain  defense  industries,  and 

c»  Apparent  lower  rates  of  return  for  defense  contractors. 

The  expressed  need  to  MATIITKCH  from  the  point  of  view  of  the 

analysis  to  be  done  was  twofold: 

• To  develop  analytical  tools  capable  of  addressing  the 
questions  concerning  industrial  base  surge  capacity,  and 

• To  analyze  surge  capacity  in  two  indust  ries  - -turbine 
engine  and  missiles  (later  changed  to  airframe  industry). 

In  response  to  the  first  task,  MATUTKCIl's  work  in  the  area  of 
developing  and  applying  analytical  tools  to  the  surge  problem  is  summari 
below. 


• The  report.  Policy  Models  for  Surge  Analysis,  contains 

work  on  four  models  developed  to  apply  to  the  surge  capacity 
problem.  These  models  are; 


A long  run  equilibrium  model  of  a defense  industry, 

Inventory  production  scheduling  model  for  surge 
capacity. 

Industry  simulation  model,  and 

Penalty  contracting  to  meet  surge  capacity  demand. 

Appendices  B and  C of  this  report  contain  additional 
models  and  analysis  applicable  to  the  general  surge 
capacity  problem.  These  models  are  applicable  to  the 
airframe  or  aircraft  turbine  industry  using  available 
published  data  as  initial  examples  of  analysis.  These 
models  are: 


Economic  concentration  and  capacity  utilization 
in  the  aircraft  engine  industry,  and 


Impact  of  competition  on  new  capacity  buildup 
in  the  aerospace  industry. 

Our  work  on  the  second  task  is  summarized  as  follows; 

• A report.  An  Example  Analysis  of  DoD  Procurement 
Policy  Alternatives  for  Airframes,  contains  application  of 
the  long  run  equilibrium  model  to  the  airframe  industry. 
Data  used  in  the  model  was  collected  by  Systems  Planning 
Corporation. 

• This  report.  Study  of  the  Turbine  Engine  Industry,  contains 
results  of  initial  analysis  of  data  collected  by  MATHTECH 
from  the  turbine  engine  industry  on  historical  production, 
employment,  capacity  and  productivity  experience  of  seven 
turbine  engine  manufacturers. 


This  report  is  the  last  of  three  reports  under  Contract  MDA  903-76-C-220. 
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The  Surge  Capacity  Problem 

The  problem  addressed  in  these  reports  is  that  of  developing  defense 
procurement  policies  which  maintains  an  industrial  base  capable  of 
expanding  to  meet  surge  demand  while  at  the'  same  time  maintaining 
efficient  peacetime  unit  production  costs  and  technological  superiority. 
These  objectives  are  often  conflicting  and  improved  policies  in  ibis  area 
require  difficult  judgments  concerning  tradeoffs  between  the  degree  of 
risk  assumed  in  failing  to  meet  surge  production  vs.  n .nimizing  peace- 
time defense  budgets.  The  effects  of  the  policies  adopted  also  go  far 
beyond  defense  budgets  since  the  industries  under  study  provide  substantial 
employment  in  the  U.S.  economy  and  contribute  a significant  portion  to 
U.S.  exports  overseas.  Technological  superiority  in  the  civilian  sector 
has  often  followed  from  developments  made  in  the  military  sector.  Thus 
in  the  long  run,  the  competitiveness  of  U.S.  industry  could  depend  on 
policies  adopted  in  the  defense  sector. 

Surge,  demand  for  war  material  can  arise  either  from  direct 


involvement  of  U.S.  forces  or  through  supplying  of  U.S.  material  to  allies. 
There  are  only  two  fundamentally  different  strategies  with  respect  to  meetin 
the  needs  for  surge  demand:  inventory  and  surge  production  capability. 


Tin1  problem  is  to  determine  vvli.it  mix  of  inventory  .ind  surge 


production  is  appropriate  for  earli  item  in  demand.  The  appropriateness 
of  inventory  policy  or  surge  produetion  poliey  is  dependent  on  several 
parameters  e ha  ra  et  er  i .•  ing  the  nature  vif  the  item,  nature  of  the  i anil  n I 
and  various  co  s t s • la  b l e I.  ( sketches  (lie  rough  dependence  ol  1 1 ie 
nature  of  the  su  r g e tlrnunil  po  1 iey  on  s pee  i I ie  e ha  r u e t e r i s 1 1 e s . Inventory 
will  tend  li>  he  the  appropriate  poliey  when  the  duration  of  the  expected 
eonlliet  is  short,  attrition  rates  high,  lead  time  for  produetion  are  long, 
ele.  Maintaining  surge  product  ion  eapaeity  will  he  tin*  appropriate  poliey 
when  the  duration  of  expected  eonlliet  is  long,  rate  ol  technologies  I 
improvement  is  high,  lead  time  for  produetion  is  short,  ele. 

Appropriate  surge  demand  procurement  polieies  will  depend  on 
the  eha  raet  er  ist  ie  s of  the  item  under  eons  idem  I ion,  nature  ot  the 
expected  eoufliet  and  the  degree  of  r v r-  \v  implieitly  assumetl  in  a stoekout 
eost.  The  major  tradeoff  in  aetually  deriving  polieies  for  surge  produetion 
is  the  extent  to  whieli  the  policymaker  wants  I . > minimise  eurrent  budgetary 


costs  (peacetime  costs)  as  oppose 


sod  to  deereasing  the  risk  associated  with 


not  meeting  possible  surge  demand.  A lari', e uncertainty  exists  in  some  ot 
the  ke\  parameters  necessary  to  determine  appropriate  surge  policies, 
t'or  instance,  the  liming  and  intensity  ot  eonlliet  as  well  as  technological 


rate  of  iiuprovenn 


tit  are  subject  to  great  uncertainly,  l'elore  rational 


surge  planning  can  lain'  place,  these  uncertainties  must  In*  removed  hv 
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military  or  political  judgment.  These  judgments  arc  usually  implicitly 
incorporated  in  specification  of  threat  scenarios,  which  specify  the  type 
and  intensity  of  conflict.  Given  the  nature  of  the  threat  scenarios,  the 
particular  mix  of  war  material  that  would  lie  used  in  wartime,  the  timing 
of  the  conflict,  and  priorities  with  respect  to  preactime  budgets  and 
wartime  risks,  surge  procurement  policy  specifying  an  industrial  base 
configuration  and  appropriate  inventory  policy  could  be  rationally  defined. 

There  will  always  he  controversy  with  respect  to  the  basic  political 
and  military  judgments  from  which  surge  policies  originate.  However 
there  are  aspects  of  surge  policy  which  can  profitably  be  studied  from  strictly 
a management  perspective  - namely,  the  coherence,  consistency  atid 
flexibility  of  surge  procurement,  policies.  One  major  objective  of  surge 
analysis  should  be  to  determine  whether  procurement  and  surge  policies 
are  consistent  over  major  defense  items.  Specifically,  is  the  degree  of 
risk  inherent  in  adoption  of  inventory  positions  and  industrial  base  policies 
the  same  across  all  items?  It  would  be  possible  to  develop  general  policies 
and  DoD  guidelines  specifying  surge  demand  policies  across  procurement 
categories  and  services  which  more  or  less  assume  the  same  levels  of 
risk  for  a given  threat  scenario  and  make  the  same  set  of  assumptions 
concerning  other  important  parameters. 


LI  — ■ — : 


Another  major  ohjective  of  surge  analysis  is  to  determine  whether 


current  procurement  policies  encourage  the  type  of  industrial  base 
desired,  and  whether  these  procurement  policies  have  responded  to 
changes  in  key  parameters  such  as  technology,  threats,  and  the  economic 
environment  (production  costs,  capacity  costs,  profits,  etc.)  over  time. 
The  nature  of  the  surge  demand  policies  and  the  industrial  base  should 
change  as  changes  occur  in  the  important  parameters  listed  in  Table  I.  I. 
For  instance  as  weapons  become  more  complex  and  lead  times  lengthen, 
more  emphasis  should  be  put  on  inventory  as  opposed  to  surge  production, 
The  question  of  coherence  between  procurement  policies  and  the  type 
of  industrial  base  desired  is  a critical  one.  The  industrial  base  is  shaped 
by  both  market  forces  as  well  as  DoD  procurement  and  1U1)  policies. 
Defense  contractors  may  find  lucrative:  civilian  markets  and  quit  defense 
business.  Shaping  of  policies  toward  the  industrial  base  has  to  be  done  in 
the  context  of  a sound  understanding  of  the  industrial  dynamics  in  a given 
industry.  This  understanding  can  only  come  about  through  detailed  exami 
nation  of  historical  industry  data,  extensive  dialogue  with  industry  manage 
and  an  understanding  of  the  technological  trends  and  market  force's  in  the 
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Current  DoD  Surge  Planning 


The  effort  within  DoD  currently  to  ensure  adequate  surge  capacity 
is  currently  directed  primarily  at  microlevel  issues.  Currently  data 
is  collected  at  the  item  level  from  prime  and  subcontractors  which 
estimates  the  level  of  production  possible  in  a surge  situation.  Work 
is  also  done  to  determine  item  criticality  and  priorities.  There  are 
severe  problems  with  this  kind  of  data,  however.  Estimates  are 
collected  on  only  one  item  at  a time,  independent  of  other  wartime  and 
peacetime  demand.  Also,  the  original  vendor  and  subcontractor  is  the 
only  one  providing  such  data.  In  times  when  economic  conditions  and 
the  defense  industrial  base  is  relatively  stable,  such  planning  at  this 
level,  appropriately  done,  can  provide  useful  information.  However, 
as  economic  conditions  and  the  stability  of  companies  in  the  industrial 
base  become  subject  to  increasing  variability,  then  increased  planning 
at  the  macro-level  is  necessary.  Our  concern  shifts  from  whether  a 
given  company  can  provide  an  individual  item  to  how  many  companies  of 
this  type  will  be  in  business  and  what  their  likely  response  will  be  to  surge 
requirements.  Macro-level  planning  is  especially  important  in  an  era 
of  a contracting  industrial  base  when  the  condition  of  individual  contractors 
and  subcontractors  is  especially  unstable.  There;  arc;  also  several  current 
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issues  in  defense  planning  which  require  improved  consideration  of  macro- 
level industrial  base  planning.  These  include  foreign  military  sales,  NATO 
standardisation  and  interoperability,  access  to  raw  materials,  and  declining 
procurement  dollars.  Table  1.2  provides  a summary  of  trends  or  issues 
which,  1 think,  would  argue  for  increased  emphasis  on  industrial  base 
planning  at  the  macro-level  rather  than  micro-level. 

What  are  the  tools  defense  planners  can  use  to  help  shape  industrial 
capacity  to  meet  DoD  objectives  at  a macro-level?  PoD  can  efleet  changes 
through  either  procurement  policy  changes  or  procurement  awards.  Major 
procurement  policy  areas  are; 

1)  Regulated  profit  margins, 

2)  Timing  and  amount  of  procurement  awards, 

3)  Payment  policies, 

4)  Type  of  contracting, 

5)  Regulations  requiring  industry  monitoring  and  reporting,  and 

6)  Allowable  costs  and  other  ASPER  regulations. 

The  organizational  problem  is  how  to  incorporate  explicitly  surge  planning 
concerns  into  decisions  that  are  routinely  made  in  these  areas.  Chit'  solution 
is  to  expand  the  current  responsibility  of  DoD  groups  doing,  industrial  base 
work.  Such  a group  would  have  the  added  responsibility  lor  mat  ro-lovel 
planning.  Table  1.3  sketches  some  of  the  missions  and  characteristics  of  a 
surge  planning  group.  While  many  of  the  points  are  straightforward,  comment 
on  a few  are  appropriate. 
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Major  procurement  decisions  can  have  a critical  impact  on 
the  configuration  of  tin-  industrial  base.  These  decisions  not  only  impact 
a single  weapon  system  hut  the  configuration  of  the  industrial  base  in 
future  years.  Since  major  procurement  decisions  are  critical  to  the 
formation  of  the  industrial  base,  assessment  of  the  effect  of  various  pro- 
curement options  on  the  industrial  base  would  seem  appropriate • lndixidual 
procurement  decisions  are  made  on  tbe  basis  of  technical  design,  cost, 
and  political  considerations,  however,  concerns  for  the  industrial  base  are 
present:  in  almost  every  major  decision.  Formalization  of  these  concerns 
in  the  form  of  industrial  base  assessment  statements  would  allow  a more 
formal  review  of  the  direction  a given  award  would  lead  in  terms  of  indus- 
trial base  studies.  These  assessments  appear  to  be  critical  in  the  next 
5-10  years  since  contraction  of  the  industrial  base  in  several  areas  appear 
likely.  The  number  of  major  awards  from  DoD  is  declining  in  most  procure- 
ment areas,  thus  the  role,  of  individual  awards  will  he  to  partially  determine 
what  companies  will  be  viable  defense  contractors.  Longer  term  considerations 
should  systematically  be  input  into  those  procurement  decisions  so  that  the 
resultant  industrial  base  after  contraction  will  match  the  defense  needs 
of  the  nation.  These  assessments  need  to  be  built  on  a sustained  period 
of  data  collection  and  analysis  from  the  industry  under  question.  Mueh 
of  the  data  needed  to  perform  such  an  analysis  would  he  easier  to  colled 
at  the  point  of  a major  procurement  decision  since  some  of  the  data  is 
routinely  forwarded  as  part  of  the  proposal  process. 
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Tin-  absence  of  good  hisloric.il  data  is  a major  impediment  in  doing 


industrial  base  analysis.  Data  is  likely  to  take  a long  time  to  gather  in 
these  studies  due  to  the  decentralized  nature  of  subcontractors  and  the 
fact  that  defense  manufacturers  are  increasingly  becoming  part  of 
large  corporations  doing  significant  nondefense  work.  Thus  data  routinely 
available  from  companies  is  not  useful  for  analysis  ot  specific  detonse 
divisions.  Data  becomes  highly  valuable  and  needs  systematic  and  sustained 
collection  over  time.  Another  factor  is  the  proprietary  nature  of  the  data 
collected  which  mandates  that  data  being  collected  by  an  outside  contractor. 
Companies  are  less  likely  to  reveal  certain  data  directly  lo  the  rniitom . 

Some  improvements  in  data  could  he  obtained  through  closer  cooperation 
with  other  federal  data  gathering  agencies  (FTC,  Census,  1 abort.  Some 
additions  to  such  surveys  as  the  annual  survey  of  manufacturers,  as  well 
as  specification  of  alternate  data  breakouts  would  greatly  improve  the 
usability  of  tins  data  for  defense  purposes.  It  would  also  minimise  the  need 
for  industry  to  provide  additional  data  lo  the  government. 

The  nature,  of  the  study  effort  would  seem  to  argue  for  a combined 
inhouse  and  out -of -house  effort  where  the  out-of-house  oltovt  is  a sustained 
effort  at  studying  several  industries  having  similar  characteristics.  The 
out-of-house  contractor  would  he  responsible  for  industry  data  collection 
and  modeling,  while  the  inhouse  team  would  collect  DoD  data  and  he 
responsible  for  policy  review. 
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Analysis  of  Pula  Prom  Seven  lutbine  Kngmc  M.uuil'.u  liii  iTS 


'phe  Coi  ns  of  this  chapter  is  tin-  seven  turlniH-  engine  numil.n  lurcr 
in  tho  United  Slates.  These  turbine  engine  manufacturer..  .ire  listed  in 


gable  1 together  with  their  parent  companies.  cha ra etc r ist  ic  s 


mil  it. t rv  I'tu'.im'  salt's  in  1 N > I In'  studv  tlv>t’s  noi  include  ait  plain*  pisiot, 

engine  ma  Dili  a i't  ufi'f  s , no  r iloo  it  inns  ider  t o r c i g n pro  Ulcers  nt  tut  hi  ac 
engines.  Foreign  produce  r s and  siiliot'al  I'.nKM's  with  tin-  possible  e\»  eptie 
of  Rolls  Roy  c o of  iifo.it  I'nuin  havo  histoncath  plavod  a relativoK  n'itior 
rolo  in  U . S . military  turbine  engine  product  it'll,  llotvovof,  in  l'1,'-.  Rolls 
Royoo  had  IT  million  dollars  onpino  solos  to  1'oH.  l itis  amount  is 
greater  than  Ihroe  t'f  tho  F.S.  liunufai  ni ti'i's.  in  t'oront  vi*ars.  John 
onpino  dovolopmont  am!  production  apfi'i'iin'iit  :•  hotwoon  i ami  \A  t'A 

country  maiiufaotur  or  s havo  also  boon  initiatod.  I'ltono  aj;!'ooinoiits  aro 
mainly  tho  results  of  tho  expanding  X A lO  and  world  markets  tor  weapon 
systems.  F.S.  companies  aro  morn  competitive  in  these  markets  when 
teamed  with  producers  from  other  countries.  1 his  report  covers  onl\ 
the  sit  r pc  production  cap.u  it\  ot  F.b,  proihicota.  ol  military  turbine 
engines  and  1\>H  policies  relevant  to  surge  capacity  of  these  companies. 

1 ho  scope  of  the  current  contract  limited  our  initial  work  to  F.S.  turbine 
engine  producers  only.  \,;  joint  venturi's  between  toreign  and  l . o. 
n a nufa  i t it  r o i ituTrase,  tuturi'  studies  ot  surge  capabilitv  will  ha\  r to 
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include  a complex  set  of  questions  dealing  with  the  possible  role  of 
foreign  producers  in  meeting  wartime  surge  requirements. 

With  t he  exception  of  Williams  Research,  l . S.  manufacturers  of 
turbine  engines  have  parent  companies  listed  among  the  largest  '00 
companies  in  the  F.S.  Military  turbine  engine  sales  m 1'V  repre- 
sented a varying  fraction  of  total  company  sales.  Williams  Research 
is  a relatively  small  company  with  almost  -ill  of  its  business  in  the 
engine  sector.  1'ratt  and  Whitney  constitutes  about  .’V  percent  of  sales 

for  United  Technologies.  For  each  of  the  remaining  companies,  military 

1 

turbine  engine  sales  represented  probably  less  than  10  percent  ol  total 
company  sales.  This  corporate  arrangement  differs  signil  ica  nt  ly  from 
airframe  manufacturers  where  military  aerospace  sales  eonsfitute 
significant  proportions  of  total  company  sales  for  companies  like 
McDonnell  Douglas,  Boeing  and  Lockheed.  One  eflect  ot  the  corporate 
environment  for  turbine  engine  manufa el urer s is  that  specific  data  tot- 
turbine  engine  operations  is  unavailable  through  the  standard  industry- 
data  sources  (annual  reports,  SKC  l-'orm  10  K,  Standard  ana  Door’s,  etc.  1 
where  data  is  provided  by  company.-'  Data  provided  by  the  conip.uiie 
to  the  government  in  the  annual  survey  of  manufacturers  is  of  some 
value  in  doing  an  analysis  ot  tin-  industry.  However  the  .'K  i.uepoiy 
which  contains  airplane  turbine  engines  also  contains  piston  engines 

J_/  if  recent  proposed  changes  m company  reporting  procedures  by  the 
S1CC  are  adapted,  divisional  data  would  he  reported. 


r 
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and  other  engine  components  and  parts.  Another  problem  with  this  data 
is  that  much  of  the  data  collected  cannot  he  reported  due  to  the  dominance 
of  two  of  the  manufacturers.  A study  of  the  turbine  engine  industry  is 
thus  heavily  dependent  on  data  voluntarily  supplied  by  companies. 

In  the  period  19M-I975,  there  has  been  only  one  new  entrant  into 
the  turbine  engine  sector.  Williams  Research  Corporation,  although 
startl'd  in  has  achieved  significant  sales  during  the  late  hO's  and 

early  70's.  Williams'  successful  entrance  is  due  mainly  to  I eehnologica  1 
competitiveness  in  the  very  small  turbine  engine  market.  There  have 
also  been  no  exits  from  the  turbine  engine  sector  since  the  late  ‘id's 
and  early  60's.  Curtiss  YVright. and  Hoeing  were  the  last  companies  to 
exit  from  the  sector.  Turbine  engine  manufacturing  was  phased  out  in 
the  kite  19r)0's  for  these  companies.  Thus  in  the  1 '•<>(>  -197r>  period, 
the  number  of  companies  have  remained  relatively  stable. 

To  collect  data,  .1  survey  was  formulated  and  sent  to  the  turbine 
engine  divisions  of  the  seven  companies  listed  in  Table  I.  A copy  of 
the  survey  is  provided  in  Appendix  1).  The  data  requested  was  historical 
data  from  1 9b  1 - 1 97 in  the  following  general  areas: 

1.  Turbine  engine  production  data 

,*  t Turbine  engine  e ha  ra  etc  r i s t ie  for  each  engine  prodm  ed 

W Sales  data  broken  by  source  of  sale  (government,  common  nil 

foreign) 

4,  Head  time  data  by  component  and  engine 


5. 


Employ me lit  and  earnings  data 

6.  Capacity  data  (value  of  buildings  and  machine  tools) 

7.  Cost  data 

8.  Foreign  suppliers  and  subcont  factors 

9.  Future  rxpri  tod  environn  <'nt 

10.  Kcsea  roll  and  development  exp*  nditures. 

Tin*  su  rvm  was  sent  oul  in  Novembe  r,  ll,i’o,  Response  lo  I In*  sure*  \ 
was  non  unil'onn.  A single  I'omjianv  refused  to  pi  ovide  any  data,  while  i 
I'onipanirs  provided  near  complete  data  sets.  Three  other  companies 
provided  partial  data.  The  time  between  the  initiation  of  the  survey  and 
tlu-  time  when  final  voluntary  company  data  was  received  was  almost  a year 
Once  it  became  clear  which  data  companies  were  going  to  provide,  supple 
mental  data  requests  were  forwarded  to  the  Air  Force  Aeronautical  System; 
Division  at  Wright  Patterson  Air  Pone  Base.  Some  of  the  missing  data  not 
provided  voluntarily  by  the  companies  was  filled  in  by  the  Office  of  Procure 
metit  and  Manufacturing  at  Wright  Patterson.  Table  shows  the  status 

of  data  collection  on  the  different  survey  tables.  Uathcr  complete  data  has 
been  compiled  on  Turbine  engine  production  in  the  P*nl  pif'  period. 
Excellent  data  is  also  available  on  lead  time's,  capacity  and  employment, 
(lencrallv,  tin*  data  on  sales  and  cost  structure  was  withheld  by  companies 
and  breakouts  were  not  available  in  the  detail  desired.  I his  data  trom 
industry  was  supplemented  by  historical  Poll  expenditure  data  trom  1 1 1 * * 

Poll  procurement  data  base.  the  following  sections  constitute  an  initial 
analysis  of  the  collected  data. 
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Turbine  Knginc  M.t  rke  1 s 

There  dors  not  exist  a single  market  lor  turbine  engines  in  the  economic 
sense  that  the  products  are  standardir.cd  or  homogeneous.  leather  then 
are  several  markets  whose  products  are  ditto  rentiated  by  engine  charac- 
teristics. Ibised  on  turbine  engine  production  data  from  we  have 

identified  turbine  engine  classes  eha  racle  J’i’.'.ed  by  groups  o(  companirs  that 
compete  within  an  engine  class.  These  classifications  arc  based  on  actual 
production  of  engines,  but  do  not  include  engines  currently  in  research  or 
development.  Several  companies  currently  are  attempting  to  enter  new  market 
through  engines  in  development.  Two  dimensions  account  tor  most  ot  the 
product  differentiation  among  turbine  engines  - Power  class  and  engine  type. 
There  are  -I  basic  engine  types  eha  racte  fined  by  the  output  stage  of  the  turbine 
engine.  These  are: 

1 ) turbofan  engines 

?,)  turbojet  engines 

3)  turboprop  engines 

•1)  turboshaft  engines 

Within  each  engine  type,  engines  differ  by  powe  i class.  There  appear  to  be 
at  least  0 separable  products  within  (he  turbine  engine  g roup  w he  re  there 
exists  sufficiently  different  engine  technology,  manufacturing  scale,  and 
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market  si/.e  to  attract  different  turbine  engine  nunuf.ut u rer s.  Tablt  .’.3 
groups  turbofan  and  trubojet  engines  and  distinguishes  producer!;  on  tin- 
basis  of  •*  "ngine  power  classes.  Table  .’.1  groups  lurboshaft  and  turbo- 
prop engines  and  distinguishes  power  classes.  Although  there  are  seven 
nominal  producers  of  turbine  engines,  the  largest  number  of  companies 
competing  within  an  engine  submarket  it;  four.  Tin*  markets  that  ha\ c the 
largest  number  of  producers  are  tin-  powe  r classes  within  tin-  turboshaft, 
turboprop  market  and  the  medium  and  small  turbojet  anil  turbot’an  engine 
markets.  The  large  engine  turbojet,  turbofun  markets  has  only  two  producers^ 
General  Kleclric  and  United  Teclmologie.*;,  while  the  very  small  turbojet 
engine  market  has  only  a single  producer,  Williams  Research. 

The  turbine  engine  producers  ditfer  in  their  degree  of  specia  li/at  ion 
among  turbine  engines.  Figures  1 and  illustrate  tin?  range  of  each 
manufacturers'  product  line  in  the  turbojet  and  turboshaft  market.  Among, 
turbine  engine  companies.  General  Fleet  ric  and  United  Technologies  have 
the  broadest  product  line.  G.  F.  produces  engines  in  r'  of  the  6 submarkets. 

G.  F.  differs  from  United  Technology  in  terms  of  product  line  mainly  by 
having  a significant  part  of  the  turboprop,  turboshaft  markets.  United  Tech- 
nology through  J *»Vf;  did  not  produce  in  the  small  turboshafl  engine  market,  but 
otherwise  has;  engines  in  -l  of  the  o submarkets.  The  other  producers  are 
more  hip, lily  specialised  in  product.,  lied  roil  Picsel  has  engines  in  i ol  the  o 
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Turboshaft  ar.d  Turboprop  Engine  Markets 


submarkets,  but  its  main  volume  is  in  the  turboshaft,  turboprop  market. 
AY  CO  in  the  1970-79  period  built  exclusively  turboshaft,  turboprop  engine 
Garrett  specializes  in  small  turbojet  and  turboshaft  engines  only,  while 
Teledyne  builds  only  turbojet  engines  in  the  small  range.  Williams  Ucsca 
builds  only  very  small  turbojet  engines. 


Concentration  in  tho  Turbine  Engine  lndu stry 

Tho  turbine  engine  industry  is  one  of  the  more  highly  concen- 
trated of  U.  S.  industries. 

Table  2.  5 

] V re  outage  Cone  < * ntra  lion  Of 
Fou r Largest  Manufacturers 
In  Value  O f SI) i | ai i mt s 


A% 

1963 

1967 

1972 

SIC  372-11  (Aircraft  Engines  for 

I. 

Military  Customers) 

96 

94 

97 

SIC  37242  (Aircraft  Engines  for 

A • 

Other  than  U.  S.  Customers) 

N/A 

N/A 

92 

• *» 

SIC  37211  (Complete  Aircraft, 

A •> 

Military  T ype  ) 

68 

77 

74 

f 

SIC  37111  (Passenger  Cars) 

99 

99 

99 

A - 

Source:  Concentration  Ratios  in 

Man  of  a c tu  i 

•ing  1972  Co 

nsus  of  Tv‘ 

Bureau  of  the  Census,  MC72  (SR)  -2. 

Table  2.  5 shows  that  around  95  percent  of  output  in  the  aircraft 
engine  industry  comes  from  four  manufacturers.  It  is  only  slightly 
less  concentrated  than  the  U.  S.  passenger  car  industry  and  much  more 
concentrated  than  the  military  airframe  industry. 

Tables  2.6  and  2.7  show  the  military  engine  sales  of  tho  lop  26 
contractors—^  for  DoD  procurement  category  A - 1 13  for  1966  and  1976.  The 
category  includes  direct  engine  procurement  ns  well  as  engine  parts. 


I/Append ix  E provides  data  on  a larger  number  of  companies  for  this 
procurement  category. 
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Thus,  srvoral  engine  industry  subcontractors  appear  on  tlu*  list. 

The  concentration  of  sales  dollars  in  the  category  is  given  in  the 
right  hand  column. 

Table  2.8  provides  a summary  of  this  information  for  the 
top  10  contractors  in  the  years  1906  and  197?.  The  data  shows  that 
in  1966,  Pratt  and  W hitney  had  17.  7 percent  of  all  procurement 
dollars  in  this  category,  followed  by  General  Electric  with  .19.  i 
percent.  The  top  four  firms  had  90  percent  oi  total  engine  pro- 
curement dollars  in  1966.  In  1975,  concentration  in  this  procure- 
ment category  had  increased  significantly.  Pratt  and  W itney  sig- 
nificantly increased  its  dominance  from  19<>6  and  accounted  tor 
52.7  percent  of  engine  procurement  dollars,  although  in  constant 
dollars  suffered  a 34  percent  decrease  in  the  It)  year  period. 

General  Electric  had  almost  the  same  market  share  in  1975  as  in 
1966,  while  experiencing  a 105  percent  sales  decrease  when  measured 
in  constant  dollars.  AVt'O's  market  share  dropped  from  14.  1 to  2.0 
with  a corresponding  1223  percent  sales  decrease  in  constant  dollars. 

Allison  actually  increased  its  market  share  from  7.7  to  11.0  while  ex- 
periencing a 32  percent  sales  drop.  Results  ol  the  expenditure  decline 
was  to  increase  the  concentration  in  the  industry  and  substantially 
increase  the  dominance  of  Pratt  Whitney  in  the  milita  ry  market.  All 
of  the  largest  6 turbine  engine  manufacturers  experienced  substantial 
declines  in  this  period,  although  none  exited  from  the  market.  Industry 
adjustment  to  such  a drop  in  military  demand  usually  lakes  the  lonn  ot 
product  diversification  or  diversification  *o  i ivilinn  engine  sales, 
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merger,  or  decline  of  the  size  of  each  firm  or  the  number  of  firms. 

Diversification  of  manufacturing  capacity  to  other  products  by  aircraft 
engine  manufacturer  lias  not  taken  place  to  any  large  extent.  Three  main 
areas  of  diversification  are  marine  engines,  industrial  turbojets  and  truck 
diesel  engines.  Marine  and  industrial  turbojet  engine  still  constitute  a very 
small  percentage  (less  than  3 percent)  of  industry  production.  Detroit 
Diesel  lias  diversified  to  the  manufacture  of  truck  diesel  engines. 

However,  aircraft  engine  manufacturing  operations  have  followed  the 
general  trend  toward  merger  in  U.S.  industry  and  many  manufacturers  have 
become  part  of  a much  more  diverse  corporate  structure  in  (lie  1966-1976  period. 
This  has  happened  through  merger  with  other  companies  not  in  the  aircrall 
industry  (Pratt  Whitney,  Teledyno  CAE)  and  through  further  diversification 
of  engine  companies  (AV CO,  GARRETT).  The  net  result  is 
that  aircraft  engine  operations  are  embedded  within  'arger  companies  and 
generally  constitute  only  a small  portion  of  overall  company  sales. 

It  is  interesting  to  note  in  Table  2.8  that  Williams  Research  in  1973 
ranked  ninth  in  DoD  engine  sales  and  Rolls  Royce  ranks  fifth.  Williams 
has  emerged  as  the  technological  leader  in  very  small  turbine  engines  and 
represents  the  only  new  contractor  in  the  1966  -1975  time  period. 
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Rolls  Roycc  is  tin*  only  foreign  online  supplier  with  a significant 
DOll  s;ili-s  level.  Rolls  Roycc  sales  exceeded  that  of  Garrett  and 
Teledyne  in  1975. 

To  compare  whether  the  trend  to  greater  concentration  in 
military  engine  sales  is  typical  of  DOD  procurement  policies 
generally,  a concentration  analysis  was  undertaken  for  15  DOD 
procurement  categories.  Concent  ration  ratios  for  sales  within 
each  category  were  calculated  based  on  military  sales  data 
provided  for  the  top  25  firms  in  each  area.  The  r<  "alts  are  given 
in  Tables  2.9  and  2.  10  and  Figure  2.3.  Table  2.9  shows  percen- 
tage concentration  within  each  procurement  category  at  the  4,8  .aid 
20  firm  level.  Figure  2.  3 shows  that  the  concentration  ratios  range 
widely  across  procurement  categories.  The  data  shows  that  the 
aircraft  engine  area  is  the  most  highly  concentrated  industry  Jor 
DOD  san  s when  compared  to  the  other  procurement  areas.  Table 
2.10  compares  direct  concentration  at  the  4 firm  level  for  19h6  and 
1975  for  the  13  procurement  areas.  The  results  show  increases  in  con 
centration  in  12  of  the  13  procurement  areas  from  1966  to  1975.  'The 
trend  toward  greater  concentration  of  DOI)  procurement  dollars  may 
reflect  only  the  tendency  to  buy  fewer  major  weapon  systems.  DOl) 
procurement  dollai  would  then  be  spread  to  a smaller  number  of 
successful  bidders.  It  could  also  reflect  different  procurement  polii  ii 


Table  2.  9 

Comparative  Concentration  Across  13  DOD  Procurement  Areas  for  1 06 and  1975 


Number  of  Firm 


1.  Airframes  and  Related  Assem- 
blies and  Spares  (A-1A)  65 

2.  Aircraft  Engines  and  Related 

Spares  and  Parts  (A-1B)  92 

3.  Other  Aircraft  Equipment  and 

Supplies  (A- 1C)  33 

4.  Missile  and  Space  Systems  (A-2)  49 

5.  Sliips  (A-3)  57 

6.  Combat  Vehicles  (A-4A)  65 

7.  Non-Combat  Vehicles  (A-4B)  61 

8.  Weapons  (A-5)  43 

9.  Ammunition  (A-6)  31 

0.  Electronics  and  Communications 

Equipment  (A-7)  32 

1.  Petroleum  (A-8A)  42 

2.  Textiles,  Clothing  and  Equipage 

(A  -9)  18 

3.  Production  Equipment  (B-9)  48 


Source  of  Pat  a:  PoO  procurement  data  I 


TABLE  2.  10 

1975  Concentration  for 

DOD  Contracts 

For  13  Procurement 

Cate  go  r ic  s 

f 

1.  Aircraft  Engines 

1975 

Concentration  for  4 
92 

1966 

Firms 

88 

2.  Combat  Vehicles 

65 

67 

3.  Airframes  and  Related 

Assemblies 

65 

58 

4.  Non-  Combat  Vehicles 

61 

56 

5.  Ships 

57 

41 

6.  Missile  and  Space  Systems 

49 

38 

7.  Production  Equipment 

• 48 

21 

8.  Weapons 

43 

32 

9.  Petroleum 

42 

41 

10.  Ollier  Aircraft  Equipment  and 
Supplies 

33 

25 

11.  Electronics  and  Communication 

32 

20 

12.  Ammunition 

31 

21 

13.  Textiles,  Clothing 

18 

14 

Source  of  Dal  i:  Table  2.  10  on  p.  2-21. 
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Mili tary  Aircraft  Engine  Expenditure;  Data 

DOD  daring  the  period  1961-1975  has  accounted  for  n declining 
percentage  of  total  aircraft  industry  sales.  In  1976,  DOD  piohahly 
accounted  for  approximately  50  percent  of  sales,  whereas  at 
earlier  times,  it  accounted  for  up  to  80  percent  of  sales.  Sales  to 
aircraft  engine  companies  from  the  government  occur  primarily  in 
four  spending  categories  as  shown  in  Table  2.  1 1 and  Figure  2.4.  .1  he 

first  category  (FSC2840)  covers  procurement  of  jet  and  turbine  air- 
craft engines.  DOD  pr-  curement  expenditure  for  jet  and  turbine 
aircraft  engines  (FSC2840)  are  shown  in  Figure  2.  5,  Since  1966,  DO l) 
procurement  expenditures  for  jet  and  turbine  engines  have  declined 
by  almost  50  percent  measured  in  constant  dollars.  Figure  2.  6 shows 
RDT&E  expenditures  for  aircraft  engines.  These  expenditures  have 
also  declined,  although  not  as  severely  as  engine  procurement  expen- 
ditures. External  funds  for  engine  maintenance  and  modification  peaked 
during  the  1968  Vietnam  War  years  and  have  since  declined  substantially. 


r 


i 
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Millions  of  1975  Dollars 
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Historical  Turbine  Kngine  Product  ion 

Historical  turbine  engine  production  can  be  measured  in  several 
ways: 

1)  Dollar  volume  of  turbine  engine  sales 

2)  Number  of  engines  produced 

3)  Total  weight  of  engines  produced 

4)  Total  pounds  of  thrust  produced. 

For  the  seven  turbine  companies  in  question,  dollar  volume  data 
was  not  provided  in  all  cases.  However,  production  data  corresponding 
to  number  of  engines  produced,  total  weight  and  total  thrust  have  been 
developed  from  the  data  provided.  See  Table  2.  12,  Kach  of  the  mea- 
sures used  for  total  industry  production  capacity  lias  deliciencies.  The 
measure  of  number  of  engines  produced  equally  weighs  very  small  and 
very  large  engines.  If  the  mix  of  very  small  or  very  large  engines 
changes  over  lime,  their  measure  will  not  track  actual  production  ca- 
pacity accurately.  The  measure  of  weight  of  engines  produced  solves 
this  problem  bvit  fails  to  track  the  trend  to  use  of  lighter  materials 
and  greater  thrust  to  weight  ratios  in  engines.  The  measure  of  pounds 
of  thrust  is  perhaps  theoretically  the  best  measure  since  it  is  a perfor- 
mance measure.  Unfortunately,  measurement  of  pounds  of  thrust  may 
not  be  uniform  between  engine  types.  For  instance,  turboshnll  engines 
are  usually  rated  in  horsepower  rather  than  pounds  of  thrust,  and  con 
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version  factors  are  only  accurate  under  a single  test  operating  condition.— 
Figure  2.  17  compares  the  thryC  measures  estimated.  The  correlation 
coefficients  are  shown  in  Table  2.  13.  Since  the  correlation  coefficient 
is  very  high  between  the  measures,  no  significant  bias  will  be  introduced 
by  vising  any  one  measure  as  a measure  of  production. 

The  production  data  shows  three  distinct  periods.  1 lie  period 
1961-1965  shows  relatively  stable  production.  The  peak  production  period 
was  for  1966-1970.  The  peak  corresponds  with  the  Vietnam  war  and 
peak  civilian  aircraft  demand.  During  the  period  1971  -19 /b,  demand 
has  dropped  well  below  1961-1970  levels  by  all  three  measures.  Table  2.  H 
compares  total  production  during  the  three-5-y ear  periods.  Levels  of 
production  in  1971  -1975  have  fallen  roughly  25  percent  when  compared 
to  1961-1965  and  55  percent  when  compared  to  1966-1970  levels.  Production 
in  1975  was  roughly  38  percent  of  peak  production  in  the  1961-1975  period. 

Table  2.  15  breaks  the  production  data  between  the  two  major 
engine  classes.  Table  2.  16  summarizes  this  production  data  again  in 
terms  of  the  three  time  periods.  Production  of  turboshatl,  turboprop 
engines  has  fallen  more  drastically  than  turbo  jet,  turbofan  engines. 
Comparing  1975  levels  to  peak  years,  turboshaft , turboprop  engines  are 
26  percent  of  peak  years,  while  turbojet,  turbofan  are  46  percent  of  peak 
years  in  1975. 

— For  calculating  total  pounds  of  thrust,  a conversion  factor  of  1.6 
pounds  of  thrust/hoi  sepower  was  used. 
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Tabic  2.  17  shows  the  size  of  the  different  turbine  engine 
submarkets  based  on  total  number  and  total  weight  of  engines  produced 
from  196 1-1975.  In  terms  of  number  of  engines,  the  largest  market 
was  for  turbojet,  turbofan  engines  in  the  6-18  thousand  pounds  of 
thrust  range  , with  35,000  engines,  followed  by  the  1-6  thousand 
pounds  of  thrust  with  22,  000  engines.  In  terms  of  weight  (more  closely 
correlated  with  sales),  the  market  is  dominated  by  two  classes-- 
turbojet,  turbofan  in  the  6-18  and  18-55  thousand  pounds  of  thrust.  These 
two  classes  account  for  over  80  percent  of  the  production  by  weight. 


T 

r 


— For  calculating  total  pounds  of  thrust,  a conversion  factor  of  1.6 
pounds  of  Ihrust/horscpower  was  used. 
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Tabic  2.  12 


Turbine  Engine 

Production  Data  (1961- 

197  5) 

Y ear 

Number  of  Engines 

Lbs,  of  Engines 

Lbs.  of  Th rust 

(106) 

(106) 

1961 

5772 

14.  4 

56.  8 

1962 

5780 

14.  0 

53.  0 

1963 

5742 

12.  8 

48.  9 

1964 

6362 

13.  3 

56.  6 

1965 

6962 

13.4 

59.  9 

1966 

9996 

18.  1 

81.2 

1967 

12798 

25.  2 

11 1.4 

1968 

13797 

23.  3 

101.  9 

1969 

10321 

19.0 

85.  6 

1970 

7791 

18.  0 

83.  3 

1971 

4711 

12.7 

55.  9 

1972 

3235 

8.7 

34.  1 

1973 

4164 

9.6 

39.  8 

1974 

4744 

10.  0 

41.  8 

1975 

5189 

9.7 

4 3.5 

Average 

7160 

14.  81 

63.  6 

Standard 

3170 

4.  97 

23.  5 

Deviation 


— Source  of  Data:  MATIITECII  Survey. 


f 
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Table  2.  13 


Correlation  Coefficients  Between  Measures  of  Turbine  Engine 

Production 


(1) 

(2) 

(3) 

Number  of  engines 

(1) 

1.  o 

. 96 

. 96 

Pounds  of  engine 

(2) 

.96 

1.  0 

. 99 

Pounds  of  thrust 

0) 

. 96 

. 99 

1.  0 

Source  of  Da ta : Table  2.  12  on  p.  2-32. 

Table  2 0 14 

Comparison  of  Turbine  Engine  Production  Measures  for  Three  Time 

Periods 


1961-65 

1966-70 

1971-7 

Number  of  engines 

30580 

54700 

22040 

Pounds  of  engines  - 10^ 

68 

104 

51 

Pounds  of  thrust  - It/ 

275 

463 

215 

Source  of  Data:  Table  2.  12  on  p.  2-33. 


Tabic  2.15 


Engine 

Production  (No.  of 

Engines)  For  Two  Engine;  Types 

Tur  bo  j cl  ,T  u r bo 

Fan  Turboshaft  ,Turbo  Prop 

1961 

4490 

1282 

1962 

4075 

1705 

1963 

3465 

2277 

1964 

3836 

2490 

1965 

4039 

2923 

1966 

5708 

4288 

1967 

7309 

5489 

1968 

7099 

6 6 9 8 

1969 

5932 

4389 

1970 

5192 

2599 

1971 

3194 

1517 

1972 

2419 

816 

1973 

2745 

1419 

1974 

3172 

1572 

1975 

3428 

1761 

Source  of  Data: 


MATIITECI1  Survey. 


Table  2.16 


Comparison  of  Produclion  Data  for  Three  Time  Periods 


Number  of  engines 


Turbojet  - Turbo  fan 

1961-65  1966-70  1971-75 

19905  31240  14958 


Number  of  engines 


Turboshaft  - Turbo  pro]) 

10677  23463  7085 
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Lead  Times  for  Turbine  Engine  Components 


The  long  lead  times  for  turbine  engine  production  is  primarily  duo 
to  the  lead  time  required  to  obtain  certain  component  parts.  Actual  in- 
house  production  time  for  engines  is  only  approximately  20  per  cent  of 
total  lead  tinier^  Table  2.  IS  shows  longest  and  shortest  lead  time  experi- 
enced for  different  component  parts  during  the  1961-75  period.  Controls 
and  bearings  have  the  longest  lead  time  taking  approximately  13  and  10 
months  from  order  time.  Figure  2.8  shows  the  trend  in  lead  times  experi- 
enced by  manufacturers  from  1963-75.  During  this  period  lead  times 
have  changed  signifi  antly.  For  instance  lead  time  for  cont  rols  has  been 
as  low  as  1 1 months  and  as  high  as  15  months.  Current  lead  times  are  well 
above  the  lead  times  experienced  in  the  early  60's  for  controls  and  bearings. 

The  trend  to  longer  lead  time  could  be  caused  by  several  factors; 

© More  complex  components 

• Changes  in  capacity  and  capacity  utilisation  in  subcontractor  industries 

• Wartime  vs.  peacetime  priority 

• Longer  raw  material  lead  times 

Further  investigation  of  the  reason  for  lead  time  variance  seems  warranted 
since  these  lead  times  are  often  on  the  critical  path  in  engine  production. 
Reduction  in  total  engine  lead  times  of  up  to  2 5 per  cent  may  be  possible  it  lead 
times  experienced  during  a defense  surge  were  equal  to  the  shortest  historical 
experience  rather  than  the  longest. 

— ^ According  to  MAT11TECI1  survey  data. 
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Based  on  the  limited  data  available,  prestocking  of  certain  control 
items  also  looks  to  be  a policy  worth  investigating  in  reducing  surge  lead 
limes.  Prestocking  of  either  certain  raw  material  or  end  products  such 


as  controls  and  bearings  might  lead  to  significant  reductions  in  surge 
lead  times. 


Table  2.18 

Lead  Time  Data  in  Months  for  Turbine  Engine  Parts  ( ; 962  - 1 97  5) 


Company  — 
Averages  for 
Shortest  Lead 

Company  — 
Averages  for 
Longest  Lead 

Times 

Times 

Castings 

6.  3 

7.9 

Forgings 

6.  3 

10.  0 

Controls 

Fabricated  and 

11.3 

15.  2 

Machined  Parts 

7.0 

9.2 

Gears  and  Gearboxes 

5.  6 

8.  0 

Bearings  7.9 

Source  of  Data:  MATHTECH  survey  data. 

12.  7 

Averages  of 

2/ 

Company  - Mean s 


6.  8 + 1 
8.  2 ~ 2 
13.4  ! 2 


9.  1 t 1 
8.  1 j’  I 
10.7  i 2 


1/ 


2/ 


Data  available 
Data  available 


from  3 companies 
from  4 companies 


on  longest  and  shortest  lead  times 
on  average  lead  times. 
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production.  Companies  were  asked  (o  provide  the  longest  and  shortest 
lead  time  experienced  for  each  engine.  The  average  turbine  engine  currently 
in  production  has  an  average  longest  and  shortest  lead  time  of  16.7  and  J-1-.4 
months  respectively,  and  engine  lead  times  can  range  from  10  to  21  months. 
Engine  lead  time  seems  to  vary  weakly  with  engine  size,  and  by  manufacturer, 


Table  2.19 

Lead  Time  Characteristics  for  Current' 
Engines  in  Production 


Longest  Lead 
Time  (Months) 


Shortest  Lead 
Time  (Months) 


Average 


Standard  Deviation 


Range 


12-21 


10-21 


Production  and  Employment  in  the  Turbine  Engine  Industry 

Data  was  available  from  6 companies  on  employment  in  the  1961-1975  time 
period.  Employment  Data  gathered  broke  out  production  workers  from  engineering 
and  managerial  staff.  The  relationship  between  each  of  these  employment 
categories  and  production  as  measured  in  lbs.  of  engine  was  explored.  For 
production  workers,  the  number  of  workers  was  assumed  to  be  a simple  linear 


function  of  production  levels 
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N number  of  production  workers  in  year  t in  thousands 
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p production  level  in  million  lbs.  of  engine  in  year  t 
a a regression  coefficients 
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The  results  of  two  regressions  based  on  different  delays  is 


given  in  Table  20  . 


Table  2.20 


Relationslf 

ip  of  Production 

Workers  and  Pro< 

in  Turbine 

Indus  t ry 

Delay 

Delay 

(0  years) 

. ( 1 ye  a r ) 

ao 

26.  1 

22.  7 

al 

1.41 

1.73 

standard  error  a ^ 

3.  6 

2.  1 

standard  error 

. 33 

. 19 

2 

r 

. 59 

. 87 

/V 

standard  error  y 

4.  S2 

2.  8 

The  data  shows  that  a much  better  fit  is  obtained  with  a delay  of  one  year  in 
the  production  worker  variable  N - The  delay  probably  indicates  the  time 
required  to  train  new  production  workers  and  bring  them  to  maximum  ut  il  ira  t ioi 
and  production.  Figure  2.9  compares  actual  production  workers  to  the 
predicted  number  from  the  regression  equation.  As  can  he  seen,  there'  is  a 
close  relationship  between  production  employment  and  production. 


[ 


-56- 


Engineering  and  managerial  staff  levels  would  be  expe< 
dependent  on  annual  production  levels.  A similar  analysis 
exploring  the  relationship  between  production  output  and  en 
managerial  staff. 


Nt  ao  1 ai  Pt 


KT/  number  of  engineering  and  managerial  worke 
t . 

i n yea r t 

p^  production  level  in  million  of  lbs.  in  year  t 

a , a regression  coefficients 

10 


Table  2.2  1 


Relationship  between  Turbine  Engine  Prod  net  it'1 
and  Engineering  and  Managerial  Start 


a0 

al 

standard  error  a 

standard  error  a 

2 

r 

standard  error  y 


13.  59 

.44 

2.0 

. 18 

. 33 

2.  6 


Table  2.2  1 shows  the  results.  Figure  2.  10  compares 
staff  to  that  predicted  by  the  regression.  The  data  shows  I 
significant  component  of  "fixed"  employment,  i.o.  shift  al 
This  can  be  interpreted  as  the  staff  required  to  maintain  a 
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eted  to  be  less 
was  undertaken 
gineering  and 

rs  in  thousands 


actual  engineering 
"or  both  groups  a 
y.ero  le\els  of  output, 
credible  eaj'.ibility 


to  produce  engine's.  The  component  of  the  stuff  that  is  fixed  (a  / y ) is 

roughly  7b  percent  for  the  engineering  category  and  6-1  percent  for  the 

production  category.  Figure  2.  11  shows  the  average  output  per 

product  ion  and  engineering  worker.  Cieucrally,  tin*  data  shows  that 

higher  output  per  worker  levels  are  associated  with  high  levels  of 

output . In  periods  of  high  levels  of  output  utilization  of  machinery  and 

people  tend  to  he  more  efficient  (overtime,  rlr.  ).  In  periods  ol  lower 
\ 

level  of  output  ( 1 97  1 - 1 975),  the  data  would  suggest  less  efficient 


i i also 


utilization  of  people  and  machine  ry  and  a ten.leiua  to  retain  1-cv  p '‘ho  lion 
an’  engineering  st.  skills  even  3 •’  utile,  at  ion  is  low.  This  trend  mi  also 
ho  due  to  the  larger  portion  of  output  subcontracted  out  during  peak  production 
periods.  This  productivity  pattern  is  the  opposite  of  what  would  he  expected 
of  an  industry  operating  near  optimal  efficiency.  As  demand  goes  up  in 
such  an  industry,  less  efficient  produc  tion  resources  would  have  to  he  brought 
tip,  which  would  lower  average  productivity.  This  is  also  illustrated  in 
Figure  2.‘1  and  Figure  2.  1(1  where  in  the  1971  -197b  period,  the  actual  pro- 
duction staff  is  greater  than  that  predicted  by  the  regression  equation.  The 
overall  trend  can  also  partly  reflect  a tendency  to  greater  engine  complexity 
and  sophistication  requiring  additional  labor  input. 
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Turbine  Kn g i 1 1 e 1 ’ ri i_ch i c lion  and  Floor  Space 

Figure  2.12  shows  the  relationship  between  engine  production  and 
floor  space  (company  and  government  owned)  over  the  1961-75  period 
for  5 firms.  The  data  shows  a period  (1966-67)  (if  major  expansion  ol 
industry  floor  space  coinciding  with  the  production  peak.  However,  the 
production  decline  of  t lie  1970's  lias  not  yet  resulted  in  any  decline  of 
industry  floor  space.  This  is  probably  due  to  the  relatively  inexpensive 
cost  of  keeping  excess  floor  space  when  compared  to  the  potential  oust 
of  building  additional  floor  space  if  sales  increase.  The  data  does  show 
that  there  is  a considerable  excess  of  floor  space  currently  when  compared 
to  production  levels  of  the  1960's. 
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Surge  Capacity  of  the  Turbine  Knginc  li i dust ry 

An  economic  definition  of  Surge  Capacity  is  the  maximum  amount  of 
lbs.  of  engines  that  can  be  produced  during  a given  time  with  existing 
plant  and  equipment  in  the  turbine  engine  industry.  It  is  assumed  in  this 
definition  that:  labor  and  material  inputs  are  unlimited,  and  the  only  con- 
straint. on  ultimate  capacity  is  the  physical  plant  and  equipment.  As  output 
is  increased,  utilization  of  machinery  and  plants  increase  by  adding  labor, 
extra  shifts  and  more  days  per  week.  At  some  paint,  maximum  practical 
capacity  with  current  plant  and  equipment  is  reached.  Normally  turbine 
manufacturers  will  operate  somewhat  below  this  maximum  practical 
capacity  for  at  least  two  reasons. 

e Under  most  manufacturing  cost  conditions,  in  the  face  of  stoch- 
astic demand,  capacity  will  be  built  exceeding  average  demand  in 
order  to  maximize  profit.  Thus  a certain  level  of  surge  capacity 
will  exist  to  take  advantage  of  unexpected  demand. 

• Profit  maximization  usually  occurs  operating  below  maximum 

practical  capacity  since  added  labor  inputs  are  less  productive  and 
more  costly. 

The  turbine  engine  industry  in  addition  has  some  peculiar  characteristic 
which  make  definitions  of  surge  capacity  somewhat  more  difficult  than  most 


manufacturing  sectors. 
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In  most  manufacturing  sectors,  the  lime  required  to  adjust  plant  and 
equipment  capacity  is  significantly  longer  than  the  lime  required  to  adjust 
manufacturing  output.  Thus  production  increases  can  usually  occur  over 
a period  of  months,  while  capacity  increases  usually  lake  place  over  a 
period  of  years.  Thus  production  in  the  short  run  with  current  capacity 
and  production  in  the  long  run  with  increased  capacity  are  clearly  delineated. 
However,  production  increases  in  the  turbine  industry  occur  normally 
over  a period  of  I to  .1  years  due  to  the  long  lead  time  required  for  certain 
engine  components.  This  long  lead  time  makes  a precise  definition  oi  surge 
capacity  more  difficult  since  adjustment  of  physical  plant  and  even  machinery 
can  occur  in  time  periods  only  somewhat  longer  than  engine  lead  time.  In 
the  face  of  estimated  strong  sustained  increased  demand,  industry  adjustment 
of  plant  and  equipment  can  occur  with  lead  times  only  moderately  longer  than 
actual  increases  in  production.  While  production  increases  can  occur  in  a 
1-2  year  time  frame  depending  on  engine  type,  capacity  adjustments  can  occur 
in  a 2-3  year  time  frame.  This  industry  characteristic  somewhat  diminishes 
the  importance  of  the  concept  of  maximum  practical  capacity  for  defense  surge 
planning  in  the  turbine  industry. 

Capacity  Data  gathered  in  the  Survey  of  Plant  Capacity  is  shown  in  Tables 
2.23,  2.2-1  and  2.  2 f>.  ’This  data  was  generated  in  special  tabul  itions  requested 
from  bureau  of  the  Census.  Data  on  average  shills  per  day,  average  days  pe  r 
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week,  number  of  hours  per  dav  is  given  fi>r  aelu.il,  preferred  ami  maximum 
practical  capacity  levels.  Comparison  is  made  among  companies  in  SIC  37 2 1 
(Aircraft),  3721  (Aircraft  Kngine  and  Kngine  Parts),  and  3728  (Aircraft  equip- 
ment). The  data  shows  that  the  aircraft  engine  industry  at  maximum  capacity 
could  operate  with  2.  5-2.9  shifts  per  day,  5. -1-3.  5 days  per  week  and  20-2.’. 
hours  per  day.  Currently  the  industry  is  averaging  2.0  shifts,  5.2  days  per 
week  and  16.7  hours  per  day.  Table  2.26  provides  the  estimated  actual 


present  production  as  a percentage  of  the  preferred  and  practical  rater. 

The  data  shows  the  aircraft  engine  industry  to  bo  operating  at  an  estimated 
68-72  per  cent  of  maximum  practical  capacity.  Capacity  utilisation  for  the 
engine  industry  is  significantly  higher  than  for  the  aircraft  (airframe)  industry 
but  generally  lower  than  for  durable  goods.  A rough  estimate  of  surge 
capacities  from  lh«  Survey  of  Plant  capacity  for  SIC  code  372-1  (aircraft  engine: 
and  engine  par  s ) would  be  I 00/ ft'  i.  !•!. 

q |u.  n,  craft  turbine  industry  behave.-,  somewhat  different  l\  from 
t pc  airlr  .me  industry  in  periods  of  surge.  Tables  2.21  -2.24  show  that 
the  turbine  industry's  actual  and  preferred  operating  mode  is  to  work  more 
shifts  per  day,  more  days  per  week  and  more  hours  per  day  than  the 
airframe  industry.  This  is  probably  due  to  the  desire  to  maintain  high 
machine  utilisation.  However,  the  hours  of  operation  at  maximum  practical 
capacity  is  less  than  the  airframe  industry.  Hus  is  probably  due  to  the  need 
for  machine  maintenance  and  repair.  The  added  production  from  adding 
hours  of  operation  will  not  he  as  great  in  the  turbine  industry  as  the 
airframe  indust  ry. 
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In  the  1966-1968  surge,  a change  in  working  behavior  was 
an  addition  to  a third  shift.  From  MATHTECH  data,  third  shifts  in 
periods  of  surge  become  15-25  percent  of  the  workforce  as  compared  to 
5-15  percent  during  nonsurge  periods.  Second  shift  docs  not  change  as 
drastically  since  second  shifts  are  common  even  in  periods  of  low- 
production. 

The  second  major  change  in  periods  of  surge  is  shifts  in  the  make/ 
buy  ratio.  Typically,  50  to  55  percent  of  engine  costs  will  be  to  outside 
sources.  In  periods  of  surge  this  make/buy  rate  can  decline  to  30/70. 

Thus  a significant  component  of  surge  capability  for  the  industry  is  through 
outside  firms.  Characteristics  of  turbine  firms  themselves  are  not,  thus, 
sufficient  to  determine  engine  surge  capacity.  Turbine  manufacturers  are 
highly  dependent  on  suppliers  and  subcontractor s in  times  of  surge  to  also 
have  spare  capacity. 

Historical  Surge  Ca  pa  city  Rat  es 

The  high  production  rates  in  the  aircraft  industry  in  the  1966-1968 
period  provides  an  excellent  opportunity  to  study  actual  industry  adjustment 
to  increased  production.  Tabic  2.  ?.6  and  Figure  2.  13  shows  the  maximum 
rate  of  expansion  in  production  experienced  by  each  of  the1  engine 
manufacturers  in  the  1961-1975  period. 
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Table  .1.26 


Historical  Maximum  Pe reenta r o Production  Increases 


of  Turbine  Engine  Manufac tu rers 


Maximum 

M aximum 

Maximum 

1 Y onl- 

2  Y onl- 

3  Y e a r 

Company 

ine  reuse 

ine  rca  so 

Increase 

) 

i rw"; 

2 1 3% 

24  0"; 

2 

138%. 

163%, 

1 ('  fVY 

2 1 2% 

3 14% 

4 3 3", 

4 

172";, 

2931;;, 

3 71"; 

5 

295% 

3 72"; 

556% 

6 

267% 

400";, 

400% 

J.bs.of  engines  used  as  measure  of  production 
Sou i co  of  Dein:  MATHTIX'll  survey  data. 
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Tlu'  data  shows  that  the  one  year  surge  rates  vary  hy  company  from  I.  >8 
to  2 . 9 r' , the  two  year  surge  rates  from  1 . 6 4 to  4.00  and  the  three  year 
surge  rates  from  l.bb  to  5.  SO.  The  surge  ratio  is  dependent  on  the 
average  size  of  the  engine  manufactured. 

In  the  1961-197*'  period,  the  most  rapid  period  of  production 
expansion  for  the  whole  industry  was  from  19o*'  to  l‘>o7  when  production 
increased  87  percent  from  14.4  million  pound.,  to  2*'.  1 million  pounds. 

The  maximum  production  expansion!,  in  Ihe  ll*t>l-  l‘*7S  period  nvcr  .r' 

1,  2 and  4 year  period  were  9.0,  14.0  and  lS.e  million  pound s ol  eng  me. 
This  production  increase  was  made  possible  both  hy  increased  utili.  lion 
of  capacity  as  well  as  increased  capacity.  It  does  not  represent  a surge 
capability  at  constant  facility  and  equipment.  lints,  this  historical 
experience  may  not  be  typical  of  what  could  be  expected  in  a wartime 
surge  since  capacity  expansion  may  have  been  planned  in  the  t>(>’s  wth 
a longer  lead  time  than  experienced  in  war.  However,  this  experience 
might  also  unde  re  St  i mat  e surge  capacity  since  these  historical  surge  rates 
could  reflect  demand  constraint. 
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Table  2.27  shows  increased  production  rates  for  individual  engines  during 
the  1 96  1 - 1 9 7 5 period.  The  engines  were  selected  by  taking  those  engines 
having  peak  production  in  1966-68  and  having  a substantial  demand  increase  in 
that  time  period.  The  data  shows  that  for  smaller  engines  increased  production 
rates  ranged  from  2 to  1 1 while  for  larger  engines  increased  production  rates 
range  from  1.7  to  2.8.  The  difference  in  surge  by  engine  size  could,  of  course, 
reflect  demand  constraint  as  well  as  production  capacity  constraints. 


Table  2.27 

Surge  Rates  for  Selected  Kngi  ne s 
1 9 6 T~  1*9  75 

Approximate  engine  Historical  2 Year  Maximum 


Weight  (Tbs.  ) 

Surge  Rate 

150 

11.8 

200 

3.6 

350 

3.6 

350 

4.2 

350 

4.0 

500 

1.9 

1800 

2.  0 

2300 

2.  3 

3200 

1.7 

3400 

2.  5 

4500 

1.  8 

4700 

2.  8 

Source  of  Data:  MAT1ITECI1  survey  data. 
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Current  surge  capacity  can  also  be  measured  by  the  ratio  of 
peak  production  years  to  1975  levels.  Table  2.28  shows  those  ratios 
for  the  three  measures  of  production  capacity  used  here.  The.  three 
measures  are  in  good  agreement  and  show  that  production  could  be 


increased  by  a factor  of  2.6  under  the  following  assumptions: 

])  No  productivity  increases  have  occurred  since  1967-1968, 

2)  Plant  and  machine  capacity  has  not  declined  since 

1 967- J 968  (previous  charts  show  that  physical  space 
has  probably  not  declined), 

3)  Labor,  raw  materials  could  be  obtained,  and 

4)  Subcontractor  capacity  that  existed  in  1967- 1968  is 
still  present. 

Since  military  production  is  roughly  50  percent  of  total  production 
currently,  current  military  production  could  be  expanded  by  u factor 
of  5.2  under  these  assumptions. 

Table  2.29  shows  the  same  ratios  for  each  of  the  submarkets 
identified  earlier.  The  data  shows  that  for  0-2000  turboshaft,  lurboprop 


engines,  curre 


nt  production  could  be  expanded  by  a factor  of  7. -1  under 


the  above  assumptions,  while  in  the  largest  submarket,  6-18  lbs.  of  thrust, 
production  could  be  expanded  by  a factor  of  3.4. 


RATIO  OF  MAXIMUM  PRODUCTION  YEAR 
TO  1975  PRODUCTION 
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APPENDIX  A 


I.  The  A crow  pci  co  Indus!  ry : 1 li  stor  ic  al  I road  s 

A useful  beginning  point  for  understanding  the  state  of  the  aircraft 
turbine  engine  industry  is  by  analyzing  the  long-term  trends  in  the  aero- 
space industry  as  a whole.  t able  A.  1 shows  an  estimate  of  aerospace  in- 
dustry sales  from  19h0-197i>„  According  to  this  estimate,  the  industry 
experienced  almost  continuous  growth  in  terms  of  constant  dollars  Irom 
1930  to  1968  with  peak  year  in  1968  with  29.0  Pillion  sales.  1-  rom  196b 
to  1976,  sales  have  declined  3S  percent  when  measured  in  constant  dollar:  . 

v 

Current  sales  in  constant  dollars  are  the  lowest  since  the  early  fillies. 

See  Figure  A.  1.  The  19b8-ll176  experience  is  lints  the  first  period  of  ex- 
tended retrenchment  experienced  by  the  industry.  1 be  phenomena  01  \et\ 
rapid  growth  and  decline  of  aerospace  industry  demand  leaves  uiueitain 
what  level  of  demand  will  emerge  over  the  next  10-19  years.  An  important 
related  question  is  the  extent  to  which  future  demand  will  exhibit  relative 
stability  or  be  characterized  by  surge  demand  such  a;  the  196-1  1968  peak. 

The  peak  year  of  sale  s for  ceimnie-rcial  aerospace  pimducts  was  1968  with 
5,9  billion  in  sales.  Figure  A.  land  A.  2,  and  table  \.  illustrates  Urn  trends  in 

ae'rosp.tee  sab's  components  in  constant  and  cur  r e*nt  dol la  r s res  pe-e  t i \ e-l\  . the 
simultn neenis  peaking  e»f  those  components  wa  s caused  h\  a ser  ies  ol  tern  1 - tiuh'pe  "dent 
decisions  in  the*  private  and  public  sectors  made  in  the  late'  ""s  and  eart\  '0  . 

NASA  decisions  for  moon  exploration  in  the-  early  60's  e' real  eel  demand  lor 
NASA  related  aerospace  product s which  peaked  in  1966.  These  de  cisions 
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TAJ3I.E  A.  1 


Ae  t ospaee 

Products  Sales  in  Current 

and  Constant  Dollars 

Year 

Current  Hollars 

Constant  Doll 

1950 

31 16 

5809 

1951 

6264 

1 0937 

1952 

1 0130 

1 7465 

1953 

1 2459 

2 1 1 59 

1954 

12807 

2 1 4 5 5 

1955 

124  1 1 

20  5 52 

1956 

13946 

22  17  1 

1957 

15858 

24389 

1958 

16065 

243  19 

1959 

16640 

24644 

1960 

17326 

25230 

1961 

17997 

25977 

1962 

19162 

27161 

1963 

20134 

281  24 

1964 

20594 

28323 

1965 

20670 

2 7812 

1966 

246  10 

3206 1 

1967 

27267 

34  506 

1968 

28977 

35094 

1969 

26149 

30153 

1970 

24904 

27259 

1971 

22154 

23072 

1972 

22818 

22818 

1973 

24809 

2344  8 

1974 

26400 

23647 

1975 

28373 

22297 

1976 

29279 

2 188-1 

U 

A e r or  pa  co  Industries  Association  (AlA)  esl  inwti'S,  hast'd  on  la  to  si  available 
information.  The  AIA  estimate  nf  Arrospnrt'  industry  sales  is  arrived 
at  hy  adding  1)  DOD  expend  ilures  for  "procurement"  of  aireralt  and  missiles, 
2)  non  expenditures  for  research,  development,  test  and  evahi.it  ion  for  ili- 
i rail,  missiles,  and  asf  rotiaulies,  a)  NASA  expenditures  lor  rosea  rt  It  and 
development,  -1)  A EC  expenditures  lor  spate  propulsion  systems  and  spat  t 
electric  pence  r development . 5)  Net  sales  to  tuslomers  other  than  l . M. 
Government  hy  approximately  53  aerospace  companies  (adjusted  to  eliminate 
dupl  icatittn  hy  suheontraelini’ ) and  6)  Non-;ieros]iaee  sales  reported  l>\  the 
approximately  53  aerospace  companies  reporting  tti  the  Bureau  ot  Census. 

2/ 

Implicit  price  deflators  fo r dross  National  l’rodmt  (197.’  100),  Keonomie 
Report  of  the  President,  January  1977,  Pape  190. 
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Figure  A.  2 


Other 


C.ustome  rs 


Total  ( 

non 
NASA 
Ot  lie  rs 


were  made  at  about  the  same  time  that  DoD  was  making  major  weapon  pro- 


curement decisions  (Polaris,  C5A,  Minulenian,  etc.)  which  would  substan- 
tially boost  DoD  spending  into  the  late  1960's.  Vietnam  war  expenditures 
on  top  of  these  weapon  procurement  decisions  boosted  DoD  aerospace  spend- 
ing to  record  levels  in  1968.  Commercial  sales  were  aided  by  (lie  tax 
policies  of  tin*  Kennedy  administration  and  rapid  economic  growth  in  1962- 
1965  as  well  as  rapid  increase  in  demand  for  airline  transportation  begin- 
ning in  1962.  The  demand  caused  by  the  juxtaposition  of  these  economic 
and  political  events  and  policies  in  the  private  and  public  sectors  is  unlikely 
to  be  duplicated  outside  of  wartime.  The  end  of  the  Vietnam  war,  reduced 
NASA  expenditures  and  the  combination  of  the  energy  crisis  and  recession 
have  reduced  all  three  components  of  acrosj  ace  sales  in  constant  dollars 
substantially  through  1974. 
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Table  A.  3 

Comparison  of  Compound  Growth  Rates  in  Different  Sectors 

1950-1968 


Real  Dollars 

Constant  Dollars 

GNP 

6.4 

3.  8 

Federal  Purchases  of  Goods  and 
Services 

9.5 

5.  6 

Defense  Spending 

9.9 

7.  3 

U.  S.  Government  Aerospace 
Spending 

12.  1 

9.5 

Aerospace  Industry  Sales— ^ 

13.  2 

1 0.  5 

— ^ From  data  in  Task  1 

1 968- 

Real  Dollars 

197F) 

Constant  Dollars 

GNP 

8.  3 

1.8 

Federal  Purchases  of  Goods  and 
Services 

3.  5 

-4.  3 

Defense  Spending 

1.3 

-5.  0 

U.S.  Government  Aerospace 
Spending 

-3.6 

-10.  2 

Aerospace  Industry  Sales 

-.5 

-6.  9 
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The  growth  and  decline  of  sales  in  the  aerospace  industry  can  In- 
put in  better  perspective  by  viewing  it  in  relation  to  the  growth  in  other 
Components  of  the  CNP.  vSince  1968  was  the  peak  year  of  aerospace 
sales,  compound  growth  rates  have  been  calculated  from  1950-1968  and 
1968-1975  for  different  sectors;.  See  Table  A,  3.  The  data  shows  that 
the  aerospace  industry  experienced  a 10.  5 percent  compound  growth  rate 
as  measured  in  constant  dollars  from  1950-  1968.  This  growth  rate  in 
constant  dollars  was  almost  3 times  the  growth  rale  ol  the  t.Nl*  and  al 
most  1-1/2  times  the  growth  rate  of  the  defense  sector.  However,  Iron; 
1968-1975  the  industry  has  experienced  in  constant  dollars  almost  a 7 
percent  compound  rate  of  decline,  compared  to  an  annual  compound 
growth  rale  ol  1.8  percent  in  (.INI’. 

A second  aerospace  industry  sales  estimate  from  1 Mi*  1 - 197'*  is 
given  in  Table  A.  4.  This  estimate  is  taken  directly  from  industry  re- 
ported data  provided  in  the  annual  survey  of  manufacturers.'!  It  includes 
data  from  approximately  70  companies,  'The  data  Iron;  this  estimate 
shows  that  during  the  period  1961-1964,  the  government  annually  pur- 
chased between  77-81  percent  ot  (he  total  sales  ol  these  aerospace  com 
panics.  Since  1963,  the  percentage  of  aerospace  industry  products  sales 
tii  the  governmenl  has  declined  to  the  l"?1’  level  ol  59  percent,  I bus, 


■ I.  1 

3-  The  first  estimate  simply  adds  total  government  spending  in  aerospace 
plus  commercial  sales  reported  in  the  annual  survey  ol  manulacl  u re  r s . 

The  second  estimate  is  taken  entirely  from  the  annual  survey.  The  first  | 

estimate  provides  a belter  indication  ot  total  dollars  : pent  in  aerospace, 

while  the  second  estimate  provides  more  consistent  data  on  a more  wadi  j 
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the  government  is  still  the  dominant  buyer  in  the  market,  although  the 
dominance1  is  less  than  the  earlier  period.  The  diversification  in  the 
industry  is  shown  by  the  last  column  of  Table  A.  2.  From  1961  to  1976, 
non -aerospace  products  have  grown  as  a percentage  of  industry  sales 
from  8,2  percent  to  16.2  percent. 

Table  A.  5 shows  more  specific  data  for  manufacturers  of  aircraft 
engines  and  parts.  This  engine  category  includes  both  piston  and  turbine 
engines  as  well  as  companies  whose  main  products  are  parts  of  engines. 
Comparison  of  data  in  Table  A.  4 and  A.  9 shows  that  sales  of  aircraft 
engines  historically  comprise  approximately  9-12  perc>  nt  of  aerospace 
industry  sales.  The  data  in  Table  A,  5 also  shows  a somewhat  lesser 
dependence  on  U.  S.  government  procurement  among  engine  manufacturers 
than  aerospace  companies  in  general.  The  percentage  of  total  engine  sales 
to  the  IT.  S.  government  has  declined  from  70-75  percent  in  the  early  6t)'s 
to  45-50  percent  in  the  1973-75  period. 


Table  A.  1 


Sales  of  Major  Aerospace  Companies 


I 


f i 

I 


Current 

Dollars 

Constant 

Dolln  rs  . 
(1972  - 100)-- 

Percentage;  of 
Actual  Dollar  Sales 
to  11.  S.  Government 

Non  Aerospace 
Sales  as  Percent 

Actual  Dollars 

1961 

14.  9 

2 1 . 5 

80.  8 

8.  2 

1962 

16.  0 

12.  7 

7 8 . 6 

0.  0 

1 96  3 

16.4 

22.9 

80.  -1 

9.  7 

1 964 

16.  7 

2 5.  0 

76 . 8 

1 0.  3 

1 965 

17.  0 

22.  9 

73. 7 

11.6 

1 966 

20.  2 

26.  3 

71.8 

1 3.  0 

1967 

23.4 

29.  6 

60.7 

11.0 

1 968 

25.6 

31.  0 

65. 0 

10.  0 

1969 

24.6 

28.  4 

67.2 

10.  o 

1970 

24.  7 

27.  0 

6 6 . 3 

1 0.  7 

197! 

21.7 

22.  6 

65.  1 

11.6 

1972 

21.5 

21  . r> 

62.  8 

12.  3 

1 973 

24.  3 

22.  97 

9".  4 

1 3.  8 

1 974 

26.  8 

23.  0 

56 . 6 

15.  1 

1975 

29.  5 

23.  IS 

58.  7 

16.2 

Source:  Bureau  of  the  Census,  Can-rent  lndustri.il  Reports  Series  M0371) 


/ The  price  ileflnt  >r  is  the  implicit  CiNP  price  deflator,  see  ( ouncil 

of  Kconomic  Advisors,  Kconem  i i K.jnn-t  of  the  President,  Jan.  I'!7i', 
p.  190,  T.ihle  13-3. 
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Table  A.  5 

ft- 

Sales  of  Seven  Compani e s Manufacturing 
Aircraft  engines  and  Kiigine  Parts 
(millions ) 


Year 

ll.S.  Government 

Othe  r 

Total 

Total 

(1975  Con- 
stant * 1 )ol  la  rs 

Pe  rcenlage 
Ij.S.  Gov- 

e rnment 

Current 
Delia  1 s 

(1975 

Dol  la  rs ) 

Current 

Dollars 

(1975 

Dollars) 

Cu  rrent 
Dollars 

1 960 

913 

1 706 

417 

779 

1330 

248(> 

0" 

1961 

1021 

1 884 

433 

799 

1454 

2683 

70 

1962 

i 

1 1 30 

2066 

383 

700 

1513 

2766 

V :s 

1963 

1 1 72 

2139 

404 

737 

1 576 

2 8 7 6 

74 

1063 

1066 

I960 

454 

S35 

1 520 

2794 

70 

1965 

1132 

2077 

582 

106S 

1714 

3144 

66 

1966 

1372 

2459 

723 

1 296 

2095 

3754 

6 5 

1967 

1796 

3111 

1016 

1 758 

2812 

4865 

64 

1968 

1714 

2842 

1251 

2075 

2965 

4917 

58 

I960 

1779 

2806 

1 086 

1713 

2865 

4518 

62 

1970 

1912 

2854 

1 197 

1787 

3109 

444 1 

61 

1971 

1360 

1929 

986 

1399 

2346 

3328 

58 

1972 

1288 

1752 

1114 

1516 

2402 

3268 

54 

1973 

1308 

1649 

14  17 

1 787 

2725 

3436 

48 

1971 

1420 

1601 

1714 

1932 

3 1 34 

344  0 

•15 

P>75 

1 362 

1362 

1689 

168(> 

3051 

305  1 

45 

Source:  Current  Industrial  Repoi't.s,  Korins  M37C  "Aircraft  Kngines",  Ae  ronual  ica  I 

fionoiim  Ksea  la  ticu  Indium!,  July,  19  16,  Dime To  rate  of  Cost  Analysis^ 
Aeronautical  Systems  Division,  Wright  Patterson  AK11,  Ohio  - Price  deflators 
used  are  developed  for  aircraft  engines  specifically. 
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Sales  data  in  Table  A.  h foi  engine  manufacturers  shows  peaks  lor  U.S. 

I T 

Rovi'rmnont  sales  in  1967  and  commercial  sales  peaks  in  1968  in  constant 
dollars.  The  engine  data  displays  a larger  source  component  than  the 
aerospace  industry  as  a whole.  The  peak  year  ot  I"(>8  for  the  engine 
companies  represents  a larger  percentage  increase  over  191  1 or  ll>7'>  levels 

than  the  corresponding  percentage  for  the  aerospace  industry,  Ihis 

4 • 

increased  peak  and  more  severe  cyclical  nature  ot  revenues  is  probably 

* attributable  to  the  narrowness  of  product  lines  for  the  engine  companies 
ri>iit|).i  red  to  the  aerospace  industry  as  a whole. 

4 - 

1 

f 

* • 

i 

| I 
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I 
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Table  A..6compares  the  sales  of  aircraft  engine  companies  to  (iiMP, 

In  the  period  1961-66,  engine  sales  remained  a fairly  constant  percentage 
(.24-.  28)  of  CiNP.  During  the  peak  production  period  of  1967-1970,  per- 
centage contribution  to  the  GN11  jumped  to  .31-.  35.  The  severe  decline 
since  1970  places  the  percentage  iit  .20-.  22. 

Table  A.  6 

Comparison  of  Aircraft  Kngine  and  Parts  Sales  to  OKI1 
Aircraft  Engine  and 


1 

CM1 

Parts  Sales 

Porcomage 

60 

506 

1.  330 

.26 

1 

61 

523 

1 . 454 

.28 

• 1 

6 2 

564 

1.513 

.27 

• • 

63 

595 

1.  576 

. 26 

64 

636 

1.  520 

.24 

4 • 

65 

688 

1.714 

.25 

66 

753 

2.  09  5 

.28 

* - 

67 

796 

2.  812 

.35 

i 

68 

869 

2.  965 

.34 

* - 

69 

936 

2.  865 

.31 

70 

982 

3.  109 

.32 

71 

1063 

2.  346 

. 22 

i 

72 

1171 

2.  4 02 

.2  1 

73 

1306 

2.  72  5 

.2  1 

i 

74 

1407 

3.  134 

> > 

75 

1499 

3.  051 

.20 

III. 


A e r o spa  c e Industry:  Pmfilabi] Hi  y 

Three  sources  of  data  have  been  examined  to  view  the  financial 
health  of  the  aerospace  industry.  The  1971  GAO  study  examined  the  pro- 
fits of  74  large  DoD  contractors  during  the  period  of  1966-69.  ~ Profits 
were  measured  as  a percentage  of  sales,  total  capital  invested  (TCI)  and 
equity  capital  investment  (PCI).  All  three  measures  showed  a higher  re- 
turn on  commercial  work  than  on  government  contracts.  For  example 
profits  on  DoD  contracts  averaged  4.  3%  of  sales  over  the  4 years  but  pro- 
fits on  comparable  commercial  work  of  the  74  contractors  averaged  9.  c,"> 
of  sales.  When  profit  was  measured  as  a percent  of  the  total  capital  in- 
vestment (total  liabilities  plus  equity,  exclusive  of  Government  Capital), 
the  difference  narrowed:  11.2%  for  DoD  sales  and  14.0%  for  commercial 
sales. 

The  GAO  findings  were  supported  by  the  findings  of  a similar  study 
of  the  1958-1967  period  by  the  Logistics  Management  Institute  (LMI).  The 
LMI  study  covered  defense  business,  commercial  business  performed  by 
defense  industry,  and  FTC-SEC  business  (durable  goods  manufacturers 
whose  business  is  comparable  with  that  of  firms  in  defense  industry). 
Figure  4 shows  the  findings  of  the  LMI  study. 


1/  Comptroller  General  of  the  United  States,  Defense  Industry  Profit. 
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The  V'eiloral  Tr.uh-  Commission  has  also  e st  im.i  t<-cl  net  profit  alter 
taxes  as  a percent  ot'  sales  tor  manufacturing,  corporations,  includinp  the 
aerospace  industry.  The  in’ suit  is  shown  in  1'ahle  A.  S.  The  results  show 
a v on  s i s t . - it  1 \ lower  net  p rot' i t as  a pe  re  out  ol  sates  lor  a erosp.u  i rur.i- 
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One  major  amsi‘(|Ui'iH'i'  of  low  profits  in  tin-  a c rospaee  industry  will 


be  tin-  difficult v in  attractim1  equity  capital  investment.  This  humus  the 
ac  fosp.uv  firms  should  borrow  at  a hi:. hot'  rate  of  interest  as  their  credit 
ratine,  ret:  lower.  In  many  cases,  the  interest  payments  are  not  compen- 
sated 1>\  tlu  covt  rmnent.  the:  dr ivinr.  profits  lower,  I'tiftlvriiu'i  e,  the 
1 ow  • ■ i j . i t \ debt  ratios  increase  not  only  the  risk  premium  component  of 
interest  r.iti  but  also  the  risk  ot  equity  investment  itselt  ami  depress  the 
price , ea  min;  s ra.tios  in  stock  market.  The  net  result  is  (1)  to  make  capital 
linaneitu;  more  ilitticult,  (.')  to  make  financially  weak  firms  to  leave  the 
industry.  Of  the  surviving  firms,  some  will  be  forced  to  reduce  their  pro 

due ti on  v.  1 tie  i hers  will  diversity  the  • products  to  more  commercial 
prin*  i .\  n i •>. 
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APPENDIX  n 

Kconomic  Concentration  and  Capacity  Utilization 
In  the  Aircraft  Knyiuo  Industry 


INTRODUCTION 

The  concentrated  sector  operates  under  principles  of  its  own  that 
are  not  only  different  from  but  often  the  reverse  of  those  applicable  to 
competitive  industries.  A m.  :or  purpose  of  this  chapter  is-  an  empirical 
exploration  of  the  principles  goveniini;  the  behavior  of  the  his’.hlv 
concentrated  aircraft  engine  industry.  We  will  examine  first  the  extent 
of  concent  ration  and  secondly  we  will  be  concerned  with  causal  factors 
which  determine  capacity  utilization.  The  concentration  we  are  dealing, 
with  in  the  aircraft  engine  industry  is  "marl  • 1 concent  ra  I ion",  that  is, 
the  control  of  a given  market  by  a small  number  of  leading,  producers 
in  an  industry.  Here,  we  are  analyzing  a substantial  share  of  the  market 
by  a "Dig  Three",  "Big  Five",  or  "Big  Ten",  or  the  like.  Kconomists 
call  such  a market  "oligopolistic".  The  oligopolistic,  market  control 
originates  from: 

(1)  Technology  requiring  heavy  capital  investment 

(2)  High  costs  of  promotion -adve  rli  semen!  and  sales  efforts 

(3)  High  costs  caused  by  various  governmental  restrictions  in 

procu  re  me  nt  regulations. 


in  an  oligopolistic  industry,  the  sensitivity  of  a firm  to  its  rivals 

I / 


takes  it  "very  aware  of  being,  in  competition  actively  or  potentially. 


— ]•* rj( /.  M.icMup,  Tin*  Kctmomic of  S« • 1 1<*  r 1 ( .on )[>«*!  i I ?< >i i , lohns  1 1 « • j >)< i 1 1 :» 

Press,  1952,  p,  iTT. 
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Thus  .1  small  number  ol  linns  in  an  industry  does  nut  mm  ossa  rily  moan 
redueod  competition.  In  fat  I,  tlu-  competition  in  the  aircraft  anti  1 1 ;•  engine 
industry  takes  various  ftirms  and  is  must  lie  tee  among  mans  t>t 
the  oligopolists  indust  fit's  in  the  United  Stall’s,  For  example,  the 
t’  t>t 1 1 pe  t i t i t in  i 1 1 I he  a e r os-  pa  e i i t it  1 u s I r v i s not  e 1 a s s i t*  p r 1 1*  e t o 1 t 1 pe  I i t i on , 

It  it-  often  replaned  or  supplement  ed  by  the  various  lorms  ol  non  print 
c ompe  t it  i on  i n t c r m s of  t|ua  I i I v , new  let.  huol op v . s e i \ i t e . utK  e r t i • i n , 
ties i;;n , system  eharai  lerislits,  alternative  hardwares-  lor  esseuttulh  the 
same  m ' s s i on  ( e . s , , It  I horn  he  r ,s  vs,  e r 1 1 i s e mi  s s i I e s 1 , 

The  fiereeness  t>f  e ompot  i t it'n  in  the  aorospaeo  indusirv  tan  he 
illust  rateil  by  the  hailing  of  !'  I ht>mher  production.  tin  June  10, 

President  Carter  ilet  itletl  lo  halt  II  I bomb*  produet  i on.  \s  a result, 
lincl-well  lute  mat  iona  I laid  off  I 0 , 000  employee  s a ml  polonlialh  lost  sales  i.ingiiu 


from  !'  billion  to  billion  f h I . ’ bi  1 1 i on  lor  1 1 ve  p r ol ot  \ pe  1'-  I bom  bo  r s 

plus  .Ml  planes  a I $10.’.  mi  1 1 ion  ea  eh  when  a full  prodnel  ion  sehedule  was 
in  e fleet  1 over  the  next  10  lo  l1'  years.  In  the  1’.  1 bomber  east',  the  price 
was  a faetor,  but  (he  eompe  I i n g eruise  missiles  lor  achieving  the  same 
mis  s iitn  was  tin'  major  laetor.  One  Iti  |ht'  eaueellatiou  til  the  b I , hoeing 
(tor  the  Air  luirri')  and  lieneral  Pvunmics  (for  the  Navv  Tnnahawkl  are 


t' ompe I ms  W'i 


th  rarh  oilier  for  eruise  missile  eoutraets,  I’he  slake  is 


a n \ w li i ' r i be  1 we t’ n ami  ' billion  (e a e h e ruisr  m i s s 1 1 1 ' t osl  ini’  , , ' I o 
$ I mill  ii<n  1.  A t t o i 1 1 1 u 1 1 1 - t he  \\  . 1 1 1 ht  r e e I Ji’uvnal  ( I i J u K 1 ' 1 , < , p,  lb 
earlier  in  I • 1 V" , (In'  I ’enta  pa  >u  o ri g i in  1 1 \ decided  O'  use  Ihe  hoeing  th' ve  I oped 


c rui si'  missile  for  the  Air  Force  and  possibly  continue  lo  develop  and  protlm  e 
a Navy -General  Dynamics  version  for  use  from  ships  and  submarines. 

However,  the  Pentagon  rejected  the  Navy-General  Dynamics  version  for 
the  Air  Force  numbers.  With  President  Carter's  decision  to  accelerate 
development  of  the  air-launched  cruise  missile,  it  seemed  as  if  Hoeing  was  in 
a favorable  position  within  the  Pentagon  to  get  the  contract.  Hut  the  Pentagon  b 
reversed  its  previous  position  and  plans  to  pi. ice  both  Boeing  and  General 
Dynamics  in  competition  to  develop  the  air-launched  version.  As  a result, 
the  Boeing  official  s we  re  bitter  and  charged  that  General  Dvuamies  ha 
mounted  "an  absolutely  dirty  campaign"  at  the  Pentagon.  But  General 
Dynamics  st  ressed  that  the  compa  .y  has  had  more  successful  tests  ol 

its  modid  than  the  Boeing's  version. 

The  above  descriptions  of  the  B-l  decision  and  the  shift  to  crui:  v 
missiles  illustrate  how  the  fortunes  of  the  aerospace  market  can  he  swung, 
by  a single  gove  rnmenta  I ch  vision  and  how  the  competition  is  shaping,  up 
between  the  two  cruise  missile  producers  in  terms  ol  non-price  competition. 

In  (he  cruise  missile  ease,  neither  company  enjoys,  a deal  cut  tavoi 
from  the  Pentagon.  Under  such  a ei rcumstance , a unilateral  price  increase 
in  the  cruise  missile  will  create  a great  amount  of  uncertainty  tor  both 
companies. 

One  of  the  interesting  questions  is  how  the  oligopolistic  aero:. pace 
industry  in  general  and  the  engine  industry  in  particular  behave  during 
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various  stages  of  the  business  cycles  or  during  changing  levels  of  the  DOl) 
procurement.  Since  there  is  no  established  single,  dominant  loader 


year  after  year  in  the  aerospace  industry  and  when  the  demand  is  below 
capacity  output,  price  competition  would  be  non-existent.  This  is  also 
true  when  the  demand  is  near  but  below  the  capacity  level. 


KCOKOM1C  CON'CKXTRATION  AND  ITS  FFJ'FCTS 

in  this  section,  we  chose  I11  sectors  ol  the  ecu:.  •.  a (If  4 -«!»»■  i s . 

fuel-related  products  and  power,  and  all  commodities)  to  see  what  relation- 
ships exist  among  price,  capacity  utilization,  output,  and  market  eoneen- 
tration  ratio.  The.  industries  (by  4-digit  SIC)  are  chosen,  if  in  PC.’.  tlu\ 
had  60%  or  more  of  the  share  of  value  of  shipments  accounted  for  by  the 
4 largest  companies.  — 


SIC  2271  Woven  carpets  and  Rugs 

SIC  2279  Carpets  and  Rugs,  XKC  -~J 

SIC  2822  Synthetic  Rubber  (Vulcanized  elastomers) 

SIC  2823  Cellulosic  Man-Made  Fiber 

SIC  28. ’.4  Synthetic  Organic  Fibers,  Except  Cellulosic 
SIC  2833  Medicinal  Chemicals  and  Botanical  Products 
SIC  3211  Flat  Glass 

SIC  3331  Primary  Smelting  and  Refining  of  Copper 

SIC  3332  Primary  Smelting  and  Refining  of  Lead 

SIC  3333  Primary  Smelling  and  Refining  of  Zinc 

SIC-  3334  Primary  Production  of  Aluminum 

SIC  3 911  Steam,  Gas,  Hydraulic  Turbines  and  Turbine  Generator  Set  Unit: 

SIC  3694  Fleet  rical  Kquipmont  for  Internal  Combustion  engines 
SJC  371)  Motor  Vehicles  and  Passenger  Curbodies 
SIC  372  1 Aircraft 

SIC  3724  Aircraft  engines  and  engine  Parts 
SIC  37  13  Railroad  equipment 


— II.  S.  Department  of  Commerce,  Bureau  of  the  Census,  Census  of  Manufat  - 
turers,  1972,  Special  Repaid  Se riost  Concentration  Ratios  in  Manufacturing, 
MC72(SR)-2,  11. S.  Gove rnment  Printing  Office,  Washington,  D,  C.  I1',  i» 

— I NFC  Not  Flsewhere  Classified. 
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Using  tlu>  data  in  Tables  l'>.  1 and  15.  2,  wo  calculated  (1)  tin-  price  changi 


during  tlu:  1972-76  period,  Ap,  (.5)  the  avriMfr  actual  capacity  utilisation 

as  a "ii  of  practical  capacity  for  I and  -I  and  I and  5,  ^ , C,  (.1)  percent  clianya 

in  market  share  of  top  -l  companies  in  each  industry.  As,  and  (4)  lluetuulions 

in  the  value  of  shipments  during  I 970  - 1 97o , x 0 it  output  is  down  (otherwise 

x I)  and  x , I if  output  is  up  (otherwise  x(  0). 

We  made  a cross  section  regression  analysis  ot  the  tollow  inn,  I I 

2/ 

indust  rics  — : 


sic; 

~ 2 8 z z 

SIC  3-1  1 

sic: 

2823 

Sic:  3o'i  1 

sic 

28.54 

SIC  3711 

SIC 

- 2833 

SIC  3721 

sic 

321  1 

SIC  3 . . ' l 

SIC 

333  1 

SIC  374  1 

SIC 

3 3 3 3 

SIC 

3334 

The 

result  shews  that  there 

is  a substantial  influence 

of  both  c. 

ipacitv 

.i  rki 

t concent  ration  on  price 

change . 

speci  fica  Uy , 

A P 

-78,73332  l 1.3733 7 6 C 

ill.  84 u4 9 6 AS 

R‘  .43 

(1) 

(.  80083) 

(.  62  333) 

F =4.53 

(t  1.93) 

(I  2.03) 

the 

time  of  the  caluclntion, 

1 lie  capa  c i t v ut  i 1 i .',1  i on  dat 

i was  not 

a\  a i 1 a 1 >1 

for  1 ‘>76. 

> / 

For  other  industries  in  Tables  15.  I and  15.  , we  did  not  have  all  the  neees:  ary 

informal  ion. 


As  wo  can  soo  l ho  vu  riahlos  roprosc nt  i ng  changes  in  tho  value  of  shipment: 
had  no  statistically  significant  ro  I al  i on:,  hip. 

1 .is  tod  he  low  is  tho  matrix  of  tho  cor  ro  hit  ion  among  tho  five  variable 
table  U.  ' I’or  relation  ( "oot  l icirnl  ;• 


A i ’ l.o 


c 

. 1 do  1 i 

1 . 0 

As 

. 1‘>m. U) 

-IS'i‘>  > 

1 . 0 

X1 

OS '7  IS 

1 7 S a 1 

. 0.V 7 1 

1.0 

1 

-.11.'  h> 

. lodM 

. Vo  0 7 

. 

olio 

1 . 1' 

From  Table  U.  a , it  c.mhc  seen  that  ,111  increase  in  atarkol  concent  ra ti on  (Ab) 
has  tho  greatest  hut  negative  iufUioueo  on  capacity  util:  ation  ((').  Cliis  con- 
tirms  a monopol  i s t ie  tendency  in  tho  oligopolis  t ie  market  where  oapaeity  utili- 
sation is  diminished  as  tho  firms  market  convent  ration  rate  increases, 

Wo  also  analv  od  tho  relationship  among  price,  capacity  mill,  ation,  and 
market  concentration  rale  for  tho  aircraft  industry.  Since  the  market  concen- 
tration rate  has  changed  little  (for  lop  1 companies  oi  p,  | u.|  7 p,  no' 1 ,■  in  I ' !t  V ; 


1 

r 


No  capacity  til  i 1 i .a  I i on  da  I a i s a \ a i la  I do  fo  r l "0  I through  1 1>  > f o r S U ' t 
(Aire  rat' t I lupines  and  I'ugine  i ’art  si. 


: 


for  top  8 companies  8 3''’,.  in  19-17  to  86  in  1972,  and  for  top  20  those  have  boon 
constant  at  00"', , during  1947-1972),  we  omitted  the  variable  representing 
market  concent  ration  ratio,  Note  that  for  SIC  3724  (Aircraft  Murines  and  lauSne 
Parts)  the  concentration  ratio  has  not  changed  much  during  I'M0  - 117.1,  Table  1>.  4 
i > t h<  data  list'd  for  analv/.intt  SIC  3.21  (Aircraft)  as  shown  in  Equation  (.’.). 

Table  11.  4 

Ca  pat  i ! \ l till:  alien  and  Price  ot  Oui  pul 
for  Aire  i all  Indu  s I r \ 

Actual 


Yea  r 

. . 1/ 

f u pac  j t v 1 till  '.a  t i on 

7 y 

I >ricc  ( 1 972  1 00) 

1 96  1 

1,  i. 

7 5.  2 

1'ln  > 

4 7 

75.  2 

1 96  3 

45 

78.  2 

196  ! 

so 

76.  0 

1 96  5 

60 

78.0 

1 966 

70 

80.  3 

1967 

90 

82.  0 

I 96  8 

95 

85.  7 

1 969 

70 

89.  0 

1970 

77 

94.  5 

1971 

60 

98.  3 

1972 

50 

100.  0 

1973 

60 

103.  8 

1974 

57 

115.2 

1975 

50 

136.  7 

1/ 


OM 13/ PoP,  Aircraft  Industry  Capacitv  Sludv  (Final  Pral’l), 
Exhibit  I 8,  p,  45,  in  (AMIS  VV  I'i  lbs.  in  millions. 

F rum  Table  l’>,  I . 


17  Nov 'em  be  r , pi7i> 


r.-9 


r 


actual  capacity  utilisation  76.92134  - . 1 523‘j  price  11  , OiPS 

(Z1.74  1.M)  (.23400) 

(t  3.54)  (t  .65) 


(•'.) 


The  result  of  the  regression  analysis  using  tin-  data  in  Table  1>.  1 suggests 
that  actual  capacity  utilisation  is  invariant  with  respect  to  price  movements. 

In  fact,  the  strong  t-value  of  the  estimated  constant  reflects  that  price  was 

not  a factor  during  the  period  (l°ol  1973)  when  the  U.S.  aircraft  oidusirv 

, 1 / 

operated  under  "nominal  capacity1'. 

We  a 1 s o examined  the  relationship  between  capaeitv  utili.  ition  of  t’.S. 
aircraft  and  general  aviation  industries  and  composite  profits  ot  the  aero- 
space industry  as  a whole.  Table  11.  9 1 ist  s t he  data  used  fur  tin*  repression 
analysis  between  capacity  and  profit  margin. 

'Table  H.  5 

Capacit  y Utili  alien  aiul  I * r e.i  i t Mar. -.ins 

in  U.S.  Aircraft  and  General  Aviation £/ 

Actual  Capaeitv  Utilir.at  ion 


Yea  r 

(AM  UK 

W T lbs . in  mil  lions 

) 

Profi  t a s " of  sa  le  s 

1 96  3 

60 

7.  7 

1 966 

73 

0 . 6 

1 96  7 

89 

6.  1 

1 ‘>o  8 

93 

6.4 

1 96  9 

70 

6.  9 

1970 

70 

9.  1 

197  I 

64 

9.  .’ 

1 972 

90 

6 . i' 

1 "73 

S8 

0. 9 

1 974 

9 / 

7.  t 

1 / , 

- See  OM  It/ 

Don, 

, Aircraft  Industry  Capaeitv 

St udv  ( Fi na 

1 Pratt),  17  November  1" 

Kxhibit  18 

, p. 

19. 

—■  Source  ot 

Data 

: (al  Ut 

i li'.'at  ion  is  from  ('Mil  Hop,  Ai 

re  ra  ft  Ini  lus  t rv  ( 7i  pa  e i 1 \ 

Study  (Final  Pruft),  1 

f Niivcmlirr 

1 " fo , Fxhi  l>i t 17,  p,  4-1 , 

(b)  Pi 

■ofit  is  from  Stand. 1 1 

■<i  and  I’oo  r . 

; , 'The  (lut  1 null : Sale s 

Gains  to  Taper  Off  by  Knd  of  l'>7n,  in,  . , p,  AM, 


It  10 


r 
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W'o  obtained  the  following  regression  estimate 

capacity  utilisation  111.08  - 6.  56  profit 

(37.  303)  (5.  77) 

(l  2.98)  (t  l.H) 

■am  result  is  very  similar  to  the  recession  using  rapacity  utilisation  and 
price  or  output.  Thus,  capacity  is  not  affected  by  price  or  profit  wh 
operating  below  capacity. 

Using  Equation  (D,  wc  derive  the  following  relation: 

C 50.  04 1 0 1 . 63  56  A P - 1.1  736  AS 

where,  as  before, 

c the  average  actual  capacity  utilisation  as  % of  practical  capacity  in  1974 
and  1975 

AP  - price  change  during  the  1972-76  period 

AS  = percent  change  in  market  share  of  top  4 companies 

At  the  mean  values  of 

AP  - 43.  71 

AS  0.60  for  the  sample  industries 

C = 77.  1%. 

When  Equation  (4)  is  applied  to  SIC.  377.1  (Aircraft)  and  SIC  3774  (Aircraft 


AP 

AS 

e 


Engine  Parts),  using  the 

actual  values 

the  following  results; 

SIC  372 1 

SIC-  37 

42.6% 

54.6' 

7% 

20% 

68.  90% 

61. 2’. 

n-i  i 


Tht'  t>8,  of  p two  t ica  1 capacity  for  SH'  17  ’ 1 (which  was  est  imated 
at  l.’.o  million  lhs.  in  AMI'K  \\  1‘  ( \e  ronaut  ica  l Mamil’.u'luri'i's1  Plunuinp 
Ho  poll  Weie.ht)  tor  the  period  of  I OoO-  1 uup , ,u  I'ordinr,  to  OMlPPoP  stink) 
is  So  million  lhs,  in  AMI’K  \\  I'  in  I '•  < ’•!  i"'.  Ihe  same  studs  estimated  three 

difleri'iit  lescls  o!  alt<  mate  capacity  see  I , dole  1*.  e. 

Ta  hie  IV.  i 


A i v c r t ft  ( la  pa  cits 


Output 


A 

Kmplo\  meat 

Sa  ic s 

(AM!  ’K  ’ 

Alternate  Papacit\  1 evels 

( I'housand.  1 

( I'd  1 1 ion  1 11 

,'e  ,'•')  Mi ll ions 

1 

Nominal  due  Shift  Capacity 

( l slti  ft  1 0 h r wk  1 

a h 0 

P> 

1 00 

"Peak"  Corporate  K\pe  riences 

T 

( 1 . 1 shift •!  0 h r w !%.  ) 

•1  ,'p 

% A 

1 

1 . 

Mohi  | i a ! ■ on  t.  ’a  pae  it  v 

t a shit  t s -IS  h r w k ) 

Onp 

0 

1 - 

l').'.)  / i'f>  Actual  Performance 

NA 

NA 

S-t 

1 u 7 ■’ / Yt'  Actual  IV  i-formanre 

.100 

l l 

SO 

l ' 

Sec  dMh  Pol\  op.eit.  P\hil 

'it  IS.  p.  1". 

1'his  report 

defines  peak 

capacit\  as  peak  corporate  e 

\ pc  ricnce  ^ 1 . 

1 shifts  It) 

1 1 r w k 1 . 

l\>id.  ('p.  and  p.  I '' 


W-W 


The  difference  between  our  estimate  of  actual  capacity  utilization  as  a 
percent  of  peak  (or  practical  capacity)  at  86  million  lbs.  and  the  OMI'/HoP 
figures  of  '•(  million  lbs.  (a  ditlen  nci  of  1.’  million  lbs.  ) in  \\11'U  \Y  I’  for 
the  period  ot  1 11  7-1  76  m.iv  bo  duo  to  several  reasons.  l'hev  are: 

(1)  Probable  diffe  rcr.ee  s in  the  defir.it  iot  ••  of  ’ capacitx  •,  utilization, 
used  by  the  tenses  Dure  > : , ae  ,'osp.ire  companies  . and  OV  1«  Do 
(.'1  I’he  lack  of  a st  : or.;’,,  rom  incin;;  emp’rical  relationship  amour. 


c.ij'acitv  e.tili 

z.ition,  market 

CvUH'VI 

nt  ra  t i on,  a ltd  ]' 

v i c v'  1 

tan  !’o.‘ 

• 

( > 1 W hen  the  re  i 

s a r,  ri  al  uni  erl 

cl  U 1 l \ 1 

\ s • i > pu  re  !\a  st  : 

s in.icK* 

by  l 

S . 

clove  rnment 

and  when  output 

U'voh 

; have  been  !>el 

ow  the 

peak 

(of 

practical)  and  nominal  capacity,  there  .re  weak  <■<  ■ la  / ions'  .hi  pr 
between  capacity  utilization  end  ; ric<  level. 

AIRCRAFT  F.N GINKS  AND  PARTS;  CAPACITY  \ND  UTll.l  \ ON 

There  is  a relationship  between  aircraft  sales  and  snh  s o'  emiiner  tor 
aircraft.  Wo  have  estimated  the  ratio  of  engines  z ■ d parts  (Sit'  eV.’-ll  a d 
aircraft  (SIC  >7.11)  as  shown  in  Table  11,  7,  This  r.tt  io  wa  s est  u-iatcd  lor  use 
in  the  estimates  of  stirttc  and  mobilization  capacities  of  Sit'  C.'-t. 


M 

I 

1 1 i 

1 i 

Tabic  B.  7 


and  Ca] 

Sales  of  Aircraft, 
nacity  Utilization  of 

Aircraft  Engine 
Aircraft  Eneine 

s and  Parts, 
(Turbine)  Industry 

y 

Year 

Sales  of 

Ai  rcraft 
($  million) 

(1) 

Sales  of  Aircraft 
Engines  and 

Parts  ($  million) 

(2) 

Ratio  of  Eng 
to  Aircraft 

Sales 
(3)  (2)/n ) 

ines  Lbs.  of 

Engine 
(million ) 

(4) 

Lbs.  of 

Thrust 
(mi  Hi  on) 

(5) 

1 96  1 

4,401 

1 , 4 54 

. 3304 

14.  4 

56.  8 

1962 

4,  387 

1,51 3 

. 3349 

14.  0 

53.  0 

1963 

4,041 

1 , 576 

. 3900 

1 2.  8 

48.  9 

1 964 

4,911 

1,  520 

. 3095 

13.  3 

56.  6 

1965 

5,  343 

1,714 

. 3208 

13.4 

59.  9 

1966 

6,  630 

2,  095 

.3160 

1 8.  1 

81.2 

1967 

9,  082 

2,  812 

. 3096 

25.  2 

111.4 

1968 

10, 885 

2,965 

. 2724 

23.3 

101. 9 

1969 

9,  899 

2,  865 

.2894 

19.  0 

85.6 

1970 

10, 357 

3,  109 

. 3002 

1 8.  0 

83.  3 

1971 

5,433 

2,  346 

.4318 

12.7 

55.  9 

1972 

7,  751 

2,402 

. 3099 

8.7 

34.  1 

1973 

9,  553 

2,  725 

. 2853 

9.6 

39.  8 

1974 

10,408 

3,  1 34 

.3011 

10.  0 

46. 8 

1975 

11, 270 

3,  386 

. 3004 

9.7 

43.  5 

1976 

12, 240 

3,  855 

. 3150 

— Turbine  engine  only. 

Source  of  Data;  (a)  Cols.  1 and  2 are  from  Aerospace  Industries  Association  of  America, 

A crospace  Facts  and  Figures , 1977/88,  ] j . 3 1. 

(b)  Cols.  1 and  5 are  from  MATHTKCll's  data  collected  from  tin:  firms 
in  t lie  aircraft  engines  and  parts  industry. 
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Tin-  ratio  of  sales  of  aircraft  (Col.  I)  and  those  of  engines  (Col.  .’.)'s  estimated 
in  Table  li.7.  We  have  the  following  estimated  regression  between  Col.  land  Col..’: 


Sales  of  aircraft  -I  I 1 i.  36'*3  I d.h'aKh  (sales  of  engines  and  parts)K  ''-l 

(643.  IS)  (.  .’.i>*<p,) 

(I  1.7  3)  (t.  Il.f.4) 


(•’' 


At  the  mean  \alue  of  sales  of  engine  at  dot.'  billion,  the  value  ol  sales  of 
ai  re  t . 1 1 1 is  $7.  1 1 billion.  The  a ve  ra  go  ra  t i o ol  t be  dol  1 a r v.ilnr  of  c ng i ne 

sales,  to  airv  raft  sales  i:  , •Inis,  . 3 1 17.  Tints,  there  i s a sieving  basis  for  using 
aircraft  capacity  index  for  developing,  surge  anti  mobili  .ati  si  capcits  lor  ait 
c ra  1 1 engine:  and  parts. 

We  astatine  that  the  I't(>7  estim.ited  capacity  utili’  ation  of  the  aircraft 
engines  and  |>arlt;  industry  shown  hi  Table  li.  7 is  tbe  nominal  one  hi.fi  capacity 
(I  shift  III  hours /week ),  which  i ■ either  million  lbs,  of  engines  or 

111,1  m i 1 lit  si  1 1 >s . ot  1 1 1 ru  t . Tbit  non  i ina  1 ea  par  i t \ a Ion  g w i I h < npac  i 1 y ul  i 1 i 
nation  fot  the  years  l*>6l-76  are  shown  in  Figure  13.  I.  A r you  can  sec  I nun 
Figure  U.  it  does  not  matter  much  which  measure  out  ol  the  three  measures 
(i.e.,  weight,  number,  and  thrust  of  engine)  is  used.  lit  projecting  both  the 
mobilisation  capacity  and  peak  surge  capacity,  vve  used  the  assumption  etn- 

I / 


bodied  in  OM  13/ J toll  Study.  ' Since  there  is  an  almost  fixed  re  lat  i oi.  ship 
bet  woo  it  ait  e rat  t sabs  atul  I'ttg.ine  ttales,  we  tliiuk  that  the  use  ot  the  usstunplio 
in  the  OM  l\/  Hot'  studs  is  a fra  rot  ta  ble  one. 


1/ 


Ibid,  p.  -Ir>. 


n is 


Now  in  projecting  engines  .me!  parts  (in  pounds  of  thrust),  we  use  the 
following  assunipt ions. 

Tin-  Assumptions; 

1.  I’ero-nl  change  ( I ‘ » 7 ,i  100)  in  prions 


Year 

Changing  "1-  prici- 
donator  for  SIC  172-1 

1 V reent  a ge  eh, 
OMH's  CNI>  (U 

. 3 / 

1 uYn 

>!.()- 

1 9 7 7 

62.  6 ( 9-1.  n I 8) 

1 <)?8 

69.6  ( l>2.6  1 7) 

1 979 

7 9.  7 ( 69.  t'  16.1) 

8.1  1 

1 980 

80,  8 ( 7 8. 7 i 9.1) 

1081 

89.  1 

•1.  • I 

1 982 

89 . .1 

•1  . .’ 

1 983 

93.  o 

198-1 

97.  7 

•1.2  ] 

1 988 

101.9 

. 

V. 

1 

1 986 

106.  1 

1 087 

1 10.  3 

1 

1 0 88 

11-1.9 

• J 

1 080 

1 18.7 

•1.  2 

1 990 

1 22.o 

— Sen  tin-  long  - ran;’,  o assumptions  made  by  OM13,  Mid  -Siyrrion  Keview  ot  tin- 

1978  Budget,  July  I,  1 977,  p.  55. 

We  assume  annual  im  vease  of  1 . . ’ . which  is  the  same  as  OMl’.'s  1".'!.’,  pro'nclion. 


Pin-  nmnliei'  9-1.  t>  e.ime  from  Tahlo  It.  I 


2.  The  Market  Concentration  Ratio  would  remain  at  the  level  of  the  current 
years;  i.c.,  AS  = (sec  p.  B-6). 

The  assumption  of  A S - 20  is  untenable  in  the  face  of  the  fluctuating 
DoD  procurement  decisions,  but  in  the  absence  of  a better  data  on  AS  we 
use  AS  - 20. 

Using  Equation  (4)  and  the  two  above  assumptions,  we  get  the  following  results 
as  shown  in  Table  B.  8. 


Table  B.  8 


Projected  Capacit  y Utilization  in  Air  era  f t Engines  and  Parts 


Projected  capacity  utilization 
as  % of  peak  capacity,  (1) 


1/ 


Projected  Capacity 
Utilization,  (2)  ( 1 ) x (100 


Year 

million  lbs 

1976 

50.  04% 

50.  0 

1977 

66.  36% 

66.  4 

1978 

70.  81% 

70.  8 

1979 

74.68 

74.  7 

1980 

77.  93 

77.  9 

1981 

80.  90 

80.  9 

1982 

83.  32 

83.  3 

1983 

86.  00 

86. 0 

1984 

88.  67 

88.  7 

1985 

91. 34 

91.3 

1986 

94.  01 

94.  01 

1987 

96.  68 

96.  68 

1988 

99.  35 

99.  35 

1989 

102. 01 

1 02. 01 

1990 

1 04. 68 

104.68 

AM  PR  WT 


1/ 


Based  on  present  nominal 


capacity  of 


1 00  mi  1 lion  pounds 


of  tb rust . 
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The  estimated  capacity  utilization  in  Table  It.  V is  steadily  increasing. 


This  trend  it;  probable  since  sales  of  general  aviation,  aircrafts  for  aviation 
airlines,  and  exports  to  foreign  countries  would  increase.  The  major 
question  markka  re  the  sales  of  military  aircraft  and  foreign  military  sales. 
As  shown  elsewhere,  IT.  S.  government  purchases  of  aircraft  engines  and 
parts  art'  anywlterc  front  4 5'Ji  to  75°',,.  If  we  make  the  assumpiion  that  the 
U,  S.  government  purchases  25",  ’»  less  of  the  industry's  output  in  the  future, 
then  we  have  the  projections  shown  in  Table  13.9. 

Table  ]t.  9 

Projected  Capacity  Utilization  with  25tl't  Reduction 

in  C.o\  t . Purchases  in  Aire  raft  Kngines  and  Party 

Projected  Capacity  Utilization  Projected  Capacity 


Year 

less  25'P  Govt.  Purchases 

Year 

nation  less  .1 5"'u  tlov ! . 

1 976 

37.  5 

1984 

66.  5 

197  l 

49.  8 

1 9 S 5 

68.  6 

1978 

53.  1 

1 986 

70.  5 

1979 

56.  0 

1987 

72.  5 

1980 

58.4 

1 988 

74 . 6 

1 98 1 

60.  7 

1989 

76,  5 

1982 

62.  5 

1990 

78.  5 

1983 

64.  5 

Another  way  of  projecting  a future  relationship  between  tiNP  and  aireratl 
engines  and  parts  sales  can  use  the  data  as  shown  in  Table  li.  10.  We  ran  the 
regression  and  obtained  the  followin''  results. 


Table  B.  10 


Comparison  of  Aircraft  Engine  and  Parts  Sales  to  GNP 


GNP1 

Aircraft 

Engine  and 

Pc  rcontai 

ea  r 

(Bill 

ions  of  Current  $) 

Parts  Sale; 

E (Mill  ions 

of  $.) 

of  GNP 

60 

506 

1 

. 330 

. 0026 

61 

523 

1 

. 454 

. 0028 

62 

564 

1 

. 513 

. 0027 

63 

595 

1 

. 576 

. 0026 

64 

636 

1 

. 520 

. 00  2-1 

65 

688 

1 

.714 

. 002  5 

66 

753 

2 

. 096 

. 0028 

67 

796 

2 

. 812 

. 00  35 

68 

869 

2 

. 965 

. 003-4 

69 

936 

2 

. 865 

. 00  31 

70 

982 

3 

. 109 

. 00  32 

71 

1063 

2 

. 346 

. 0022 

72 

1171 

2 

. 402 

. 0021 

73 

1306 

2 

. 725 

. 00  21 

74 

1413 

3 

. 134 

. 0022 

75 

1516 

3 

. 386 

. 0023 

76 

1692 

3 

. 855 

. 0023 

1 Ac 

ror.pacc  Indu 

stries  Association  of  America, 

Inc.  , A c ri  1. 

sp.iri* 

Pacts 

and  Figures  ll177/V8,  p.  I,7.. 


Sales  of  aircraft  engine  and  parts  649.0789  + .8594  (GNP)  .7645  (6) 

(268.3092)  (.2664) 

(t=2. 419)  (I  6.98) 

I3y  using  Equation  (6)  and  the  fact  that  the  ratio  of  engines  and  parts  sales  to 
engine  thrust  is  fairly  constant.  We  can  develop  alternative  projection  methods 
of  capacity  utilization  in  the  future  for  the  aircraft  engines  and  parts  industry. 
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APPENDIX  C 

Impact  of  Compctit i»n  on  New  Capacity  Hail dup 
In_  t he  Aerospace  Industry 

A.  hit  reduction 

In  this  Appendix,  we  have  developed  a model  for  optimal  capacity 
buildup  for  expected  pj-oJ it  maximization  among  the  firms  in  the  aerospace 
industry.  The  model  takes  account  of  the  profit  streams  of  pre-buildup 
of  capacity  and  post-buildup  of  capacity. 

In  discussing  capacity  and  its  utilization  in  the  aerospace  industry , 
there  are  several  components  to  be.  considered.  They  are: 

( 1 ) ma npower  capacity , 

(2)  floor  space  capacity, 

(3)  R&D  capacity, 

(4)  plant  and  equipment  capacity,  and 

(5)  working  capital. 

Capacity  could  also  be  measured  by  "production  capacity"  stu  h as  A Mi’ll 
weight,  pounds  of  engines,  engine  thrust,  dollar  s.tles,  total  aircrafts,  etc. 

In  addition,  there  are  other  problems  such  as  different  levels  of  output 
that  can  he  achieved  with  existing  facilities  and  manpower.  Kor  example, 
the  OM  li/DoP  study  of  November  3 9 7 o uses  three  different  capacity  levels 
utilising  work -hour  shill  factors—  : 

1/  OMH/lloll,  /ire  raft:  Industry  Capacity  Study,  17  November  V)7(<,  p.  1 1 . 

J 
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(a)  Nominal  One -Shift  Capacity  (1  shift,  *10  hours) 

(b)  "Peak"  Corporate  Experience  (1.4  shifts,  40  hours) 

(c)  Mobilization  Capacity  (3  full  shifts,  48  hours) 

It  is  well  known  that  in  the  aerospace  firms,  there  are  frequent 
shifts  of  product  lines  with  unusual  levels  of  technological  uncertainty. 

Under  this  circumstance  the  usefulness  of  existing  capacity  may  he  good 
for,  say,  F>  years  into  the  future  in  contrast  to  the  automobile  industry'.' 

IS  years.  We  believe  that  a study  of  the  future  capacity  is  more  relax  ant 
than  one  for  current  capacity. 

Tin;  aircraft  and  engine  industry  has  been  increasingly  concentrated 
into  a few  firms  in  recent  years.  This  trend  has  been  due  to  (It  increasingly 
sophisticated  technology  requiring  heavy  capital  investment , [■')  high 
distribution,  advertising,  selling,  costs,  and  (3)  very  restrictive  government 
procurement  regulations.  For  example,  the  aircraft  and  parts  industry 
has  been  dominated  by  7 major  companies,  namely: 

• McDonnrl  Douglas, 

• .Lockheed, 

• General  Dynamics, 

• Northrop, 

® Boeing, 

• Grumman,  and 

o Rockwell  International. 
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The  jet  engine  and  parts  industry  is  dominated  by  3 major  companies: 
the  Pratt  & Whitney,  General  Kloctric,  and  Rolls  Royce.  Rivalries  among 
these  companies  are  very  fierce.  Table  C.  1 below  shows  the  inc  reasing 
rate  of  concentration. 


The  aerospace  industry  is  also  a most  competitive  industry. 
Competition  in  price  is  often  replaced  or  .supplemented  by  design  and 
new  product  features,  services,  etc:,  which  require  newer  production 
capacity.  Very  often  tire  demand  for  aerospace  products  .is  below  the 
supply  ca pacify --i.  c.  , there  is  a buyer's  market.  \ c t , firms  in  the  cndusti\ 
have  to  make  capital  investment  in  capacity  building  under  great 
uncerta inty. 


Wo  define  capacity  which  includes  inventory,  new  plant  and 
equipment  (which  nve  usually  embodied  with  new  technology,  scientists 
and  engineers).  In  our  model  we  describe  ihe  ihree  options  related  to 
capacity  building  and  how  decisions  should  be  made  with  regard  to 


capacity  building. 
Option  1. 


Opt  ie n 


Opt  ion  > ■ 


The  firm  stops  both  sales  of  its  present  products 
and  development  of  now  a ire  raft  and  capacity 
building,. 

The  firm  stops  capacity  development  and  sells  the 
old  products  at  whatever  price. 

The  firm  m iy  continue  a iling  its  old  products  while 
continuing  its  capacity  buildup. 


r 


C-) 


B. 


A Capacity  Mot  [el 


Suppose  II  is  the  firm's  initial  profit  rate  at  time  (t)  = 0,  before 
capacity  buildup  by  rivals,  and  II  ^ is  the  reduction  in  profit  rates  of  the 
firm  after  rivals'  capacity  buildup.  Then  the  firm's  profit  rate  (H)  after 
rivals'  capacity  buildup  is: 


n 


(1) 


Denote: 


po 

> 0: 

the  firm's 

3 profit  r 

ate  a 

s sole 

supplier  of  a new  product 

P1 

> 0: 

the  firm' : 

3 profits 

after 

entry 

of  initiators. 

P2 

> 0: 

tlie  firm's 

3 profits 

after 

imitating  rivals. 

Note  that  = 0 if  entry  of  rivals  as  initiator  eliminates  (lie  firm's 
profits. 

Suppose  that  development  of  new  aircraft  requires  $X  of 
additional  capacity  and  that  the  capacity  buildup  over  time  can  be  expressed  a 

C<t)  - [ \/y(s)  ds  0 < 1 < min  (v  , v?)  (2) 

where 

C(t)  -•  capacity  buildup  over  time, 
y(sl  = capacity  investment,  each  year, 

v = time  at  which  rivals'  introduction  o f a new  product,  and 
v = time  at  which  the  firm's  new  product  is  t<j  be  marketed. 


Mm 
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Notice  that  C( I)  is  a function  of  V y which  is  similar  la  an 
inventory  optimization  model.  In  fait,  we  can  assume  thal  period  lo 
period  y(l)  is  an  inventory  accumulation  process.  y(l)  has  a composite 
index  for  quantity  onli-rcd  combining  (a)  a verag.e  annual  demand, 

(b)  replacement  cost,  and  (cl  inventory'  carrying  cost.  Kquution  also 
possesses  the  property  of  diminishing  margin. si  productivity  of  c pacily 
buildup. 


If  a rival's  new  product  appears  .it  a time  v v (.  then  the 
effective  capacity  buildup  in  liquation  (i)  should  he  modified  for  i • v . 
As  a consrqui'iice,  the  firm  may  alter  its  capacity  building  schedule, 
changing  completion  date  of  the  buildup  level  from  \ ) to  v . v is  the 
firm's  another  unknown  completion  date.  A.  sununj;  v < v 5 (i.  e.  .a  rival' 
schedule  of  buildup  ahead  of  the  firm's  buildup  completion  date),  the 
further  capacity'  accumulation  effort  will  take  place  according  to: 


t 

C(t)  - [ a\/y(s)  ds  I C(Vj),  v^tv  v,  (M 


wlu'JT 


> 1 : 

technical  ; 

i d v a n t . 

ige  to  til 

c * fir 

111, 

< 1 : 

technical  < 

. t sad \ . 

ml  age  Lo 

the 

firm  a 

s a buildup  lollewt 

1 : 

no  one  ha s 

t eclui 

leal  adv 

inlag 

0 : 

no  absolut 

e t ec  h n iea  t eha  ng.e , 

and 

CO  • 

the.  firm  h 

. l : . 1 1 ' : 

olut e lea 

(1(T  i' 

hip  or 

Mionojiolv  without 

further  ea 

p.u  it  y 

1 vi  ildup. 

('-(> 
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Since  the  underlying  capacity  function  may  change  from  liquation  (2) 
to  (3)  at  unknown  v ^ (i.  e.  , time  at  which  rivals  complete  new  capacity), 
it  is  not  possible  to  derive,  a capacity  development  function  at  the  minimum 


cost  of  completing  the  capacity  building  project  by  any  given  time.  Hence, 
the  firm  cannot  formulate  an  optimal  expenditure  plan,  I he  stochastic 
nature  of  the  realized  capacity  buildup  is  a consequence  of  the  aero:  pace 
market  uncertainty.  The  major  sources  of  uncertainty  in  the  model 
(a)  1 he  firm's  ignorance  of  whether  or  when  some  rival  may  introduc  i a new 
aircraft  or  missile,  (2)  arbitrary  and  uncertain  purchase  behavior  of  the 
Federal  government,  and  (3)  technological  uncertainty.  liven  if  the  firm 


is  success 


sful  in  introducing  a new  product , the  magnitude  ol  the  reward  u 


uncertain  in  terms  of  duration  of  production  and  amount  of  sales  and 
possible  actions  taken  by  rival  firms.  It  is  also  the  speed  oi  surge 
capacity  for  existing  products  as  well  as  for  new  capacity  to  moot 
production  of  new  produc  ts. 

Suppose  that  the  firm  has  a subjective  probability  distribution 
F(v  ) over  time  v^  by  which  rivals-  will  have  introduced  their  new 
products  or  more  quantity  of  output  of  old  product  due  to  their  capacity 
buildup.  Let  k be  intensify  of  rivalry  in  terms  of  the  conditional 
probability  of  rivals'  inf  roduct  ion  of  new  product  or  surge  capability  -it 
time  v j , then  expected  rival  introduction  time  is  1 / k . I be  k factor 
reflec  ts  the  intensity  of  rivalry  with  limiting  eases  of: 
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k = 0:  the  complete  absence  of  competition, 
k •-  1 ; very  intensive  competition,  and 

k - k:  constant  competitive  behavior  is  not  affected  by  the 
firm's  buildup. 

The  firm  is  also  uncertain  about  the  duration  of  its  above-normal 
profits,  and  quantity  of  production  or  as  a sole  supplier  of  an  aircraft, 
even  if  it  is  the  leader  in  capacity  building.  Suppose  the  conditional 
probability  of  rivals'  following  the  firm's  suit  is  a constant  h which  could 
be  interpreted  as  the  innovational  difusion  index.  The  values  of  h and 
k need  not  be  equal.  The  value  of  h can  be  regarded,  in  fact,  as  a 
measure  of  leadership  power. 

The  probability  distribution  function  F(\  ) can  bo  expressed  as: 


-kv 


1 - e. 


F(vj)  S 


b(v  - v,)  - kv 


1 - e 


when  0 < v < v 


when  v < v ^ 


(■I) 


The  first  function  of  F(v  ) in  Equation  ( !)  is  when  rival  firms 
can  beat  the  time  schedule  of  the  firm's  buildup.  The  second  function  is 
applicable  when  the  firm's  time  schedule  of  completion  is  at  least  ahead 
of  rivals'  .schedule  of  buildup.  Figure  C.  1 shows  the  plotting  of  the  first 
function  of  F(v  ) for  various  k's  and  \ ) < v^  (i.  e.  , rivals'  buildup 
completion  date  is  ahead  of  the  firm's).  If  we  interpret  1.  as  "cone suit  ral  ion 
representing  intensity  of  competition  and  v as  longevity  ot  usrlulnes 


ratio" 


of  plant  and  equipment  in  the  M'rosp.ii'i!  industry,  wr  now  have  tin1 
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following  results. 

When  we  assume  I;  .9  and  Vj  9 years  (which  are  realistic 
in  the  arro.'ipjre  industry),  the  probability  of  rival.*  1 capacity  buildup  to 
beat  each  other  out  is  '|l>  .... 

The  second  function  of  I ' ( \ ) in  liquation  ( I)  can  be  interpreteil 

a s t he  probability  , over  time  bet  ween  \ , and  \ ( v , • \ ^ ) , ol  ImiUI  in  g 

up  the  capacity  by  rivals.  Ksample  computations  m ine,  realistic  ussump 
lions  are  made  in  Table  When  there  is  no  dittusiouof  technology  ( i.  c.  , 

h(v  v ) (1)  lor  given  levels  ol  compel  it. ion  (k)  ; 1 1 1 c I as  the  lism's  eomplet  ion 

time  (or  lead  time)  increases,  the  probability  of  rivals  imitation  in  cap.u  ily 
buildup  increases.  \V  hen  t hi*  r e is  d it  I us  io  n ot  t e eti  nolo  gy  ( i . e.  , h ( \ ) - \ ) i 0 ) 
and  k\  (the  buildup  time  weighted  by  rompel  it  ive  pressure)  im  reuse-., 
the  probability  of  rivals’  buildup  following  the  firm's  suit  inert-uses  very 
rapidly.  Kigure  C.  shows  a partial  result  in  Table-  t*. 

Shown  in  Table  t are  depree  iat  ion,  capital  expend  itu  res  relative 
to  the  book  value  of  selected  aerospace  companies  in  the  last  It'  years. 

These  figures  do  not  reflect  investment  in  manpower  capacity  and  K ft  1 ' 
capacity.  Nevertheless,  they  .ire  good  indicators  lor  validating  our  model. 
Kxcept  for  ! l>  T I l‘>Y.’  when  the  aerospace  industry  hit  the  lowe  t point  in 
it;.  ...ili-s,  eapit.il  expenditure  ore  very  Ir  gb  in  the  industry  as  deprei  i ition 
rate  i . high,  too.  II  tln-re  lios  been  no  eopilal  investment,  the  book  value 
of  the  assets  could  quickly  dwindle  tv'  nothing,.  Judging,  Ifotti  the  mag.nitude 


of  depreciation  rate  and  capital  expenditures,  it  sorms  that  our  model 
of  capacity  building  (under  intense  competition  and  rapid  rate  of 
technological  obsolescence)  supports  what  is  actually  taking  pi  ice  in  the 


r 


real  world  of  the  aerospace  industry.  Table  C.  3 also  shows  that  capacity 
is  updated  technically,  if  we  assume  technology  is  embodied  in  investment, 
in  summary,  the  firm's  problem  is  to  increase  profits  on  the 
current  product  and  prevent  losses  resulting  from  rivals'  introduction  of 
new  technology  via  new  capacity  investment  or  even  from  rivals’  increase 
in  maintenance  of  surge  capacity.  The  firm's  optimization  problem 
involves  two  stages: 

1.  What  to  do  if  competitors  buildup  the  capacity  first, 

2.  How  to  find  the  firm's  optimal  development  plan  of  buildup 

until  completion  of  its  own  project  or  when  rivals  complete 
first  (i.  e.  , v ,). 

In  what  follows,  we  assume  there  .is  at  least  one  leader  in  new  capacity 
buildup,  and  the  rest  of  t lie  industry  follows  the  leader.  Suppose  rivals 


build  the  capacity  at  time  v ^ and  the.  effective  capacity  buildup  of  the 
firm  is  C(Vj)  < C.  C is  a known  level  of  capacity  in  order  to  be  successful 
in  introducing  now  product  or  producing  increased  quantity  of  the  current 
product.  The  firm  has  three  options.  They  are: 


1.  The  firm  can  cease  both  sab'  of  its  present  products  and 

development  of  new  capacity.  This  option  ma\  yield  /eri 
or  negative  profits  for  t \ 
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The  firm  can  slop  capacity  buildup  and  sell  the  old  product 
at  whatever  price  it  can  get.  The  discounted  present  value 
of  profit  from  this  option  is 


DP(Vj)  = 


(no  ' ni>  e 


a perio 


3.  The  firm  may  continue  selling  its  old  products  while 

completing  capacity  in  an  optimal  manner. 

The  third  option  is  most  likely  and  the  firm  would  select  during 

;riod  (v  < t < v ) an  expenditure  plan  y(t)  and  a completion  date  v. 


to  maximize 


M(t)  = f [ri  - n - y ( t ) ] e"Xt  dt  + f P c'Xt  dt 

O U I £ 

V v 

1 3 


subject  to 


| / y(t)  dt  = ~ 


(C  - C(V])) 


where  a is  the  degree  of  technological  advantage  or  disadvantage  as 
discussed  previously. 

The  first  term  in  the  objective  function  represents  reduced  profits 
from  the  existing  products  less  the  expenditures  of  capacity  building.  The 
second  term  in  the  objective  function  is  the  profits  when  new  capacity  is 
built.  The  constraint  in  Equation  (6)  is  from  liquation  (3)  with  C(v>)  C-. 


A solution  with  v - » means  capacity  stops  at  . 


C - 1 5 


where  S increases  the  profit  flow  from  new  product  (or  increased  sales 


with  increased  capacity)  if  the  firm  is  an  initiator  of  capacity  buildup. 


Equation  (9)  gives  a maximum  value  in  ((>)  of 


U 

r 


-XV 


Max  M(t)  = e 


2 \/.S  (C  - C(v  ))  i(C-C(V])) 

- I -~ 


(11) 


If  iho  condition  (8)  does  not  hold,  then  the  solution  of  (6)  implies  v •*» 
and  maximum  M(v)  0.  When  M(t)  is  posit  i vo  it  is  worthwhile  to 
complete  the  buildup.  Thus,  if  completing  capacity  buildup  alter  rivals1 
buildup  is  to  be  worthwhile,  the  prot.it  stream  f>-om  the  new  product  mvist 
exceed  the  profit  available  from  the  old  product.  That  is,  the  prefix 
surplus  must  be  sufficiently  large  relative  to  the  remaining  capacity 
building  expenditures.  From  Equation  (91,  the  remaining  time  to  complete 
(i.  e.  , v , - Vj)  varies  inversely  with  the  net  benefit  S after  completion. 

From  Equation  (10),  it  is  evident  that  the  expenditure  of  buildup 
capacity  grows  exponentially  with  the  remaining  development  period 
assuming  condition  (8)  holds. 

To  find  which  option  (listed  on  pp.  C.-l  t.C.-lh)  is  best,  the  maximum 
value  M(t)  in  Equation  (11)  from  completing  buildup  together  with 
condition  (8)  must  be  compared  with  the  return  from  the  remaining  options. 

case  i.  if  n > n and  the  condition  (8)  does  not  holf!  (e.  g.  , Iho 

old  aircraft  and  engines  are  still  profitable)  llie  second 
opt  ion  must  be  1 .» ken.  In  a ddit  ion  to  f!  ^ ' 1 1 j > 1 1 u‘ 

condition  ^8)  holds,  wo  subtract  the  benefits  (Olpv^)  in 
Equation  (h)l  of  discontinuing  buildup  from  the  benefits 
of  project  completion  in  Equation  (11).  It  can  be  shown  that 
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11  is  optimal  to  complete  capacity  buildup  and  sell  the  old 
products.  Thus,  the  third  option  is  viable. 

Case  ?.  If  losses  will  be  incurred  on  the  current  product 

prior  to  tire  completion  of  new  buildup,  and  the  first  option  is 
relevant.  But  if  Equation  (11)  is  positive  (i.  c.  , worthwhile 
to  complete  buildup  according  to  Equations  (9)  and  (10))  and 


Qvj)  - c /s  - v/(  ii  1 ~ ri  0 > 

a i 

1 


It  means  the  accumulated  buildup  cost  of  C(v  ) at 
tin-  time  of  v of  competitors'  completion  is  sufficiently 
large.  Thus  if  Tl  > 17  , then  complete  buildup  according 
to  Equations  (9)  and  (10)  if  and  only  if  Equation  (13)  holds 
(note  that  if  17^  > P and  Equation  (13)  holds,  then 
Equation  (8)  automatically  holds).  Thus  depending  upon 
the  condition  in  Eq  uatio  n (IB,  either  t h e 1 i r st  or  third  o pt  i > > . 
chosen  or  the  third  option  must  be  taken. 


1 
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C.  Valida1jo_n_i>f  the  Mod  e I Based  on  the  Kxper  i one  c of  the 

Aerospace  Industry 

In  order  to  apply  our  model, the  data  on  (1)  capital  expenditure 
(2)  sales,  (3)  profit  margin,  and  (4)  relative  leadership  position  avnon 
tlic-  aerospace  companies  is  listed  in  Table  (.4.  Because  of  tlu  luck 
data  in  the  engine  producing  companies,  we  chose  three  airframe 
producing  companies  front  the  five  companies  for  tlu  v.lid  it  ion  ; ■"'  > 

Table  C.  4 shows  the  capital  expenditures  made  by  5 major 
airframe  eompanie:  and  their  profit  margins  on  sales.  Shown  in 
TnbleC.  a is  Sales  Records  (1  *67  100),  of  three  compa  ies  v/e  chose 

the  model  validation.  The  three  companies  are  Boeing,  Lockheed,  nr 
Mel  Xmnell  1 )ougla  s. 

Case  1 . McDonnell  Douglas  1 hitler  Bocinr.  ’ s Leadership 

As  sumpt  ion  s : 

v --  2 years  of  Boeing's  lead  time. 

S 7.65  - 3 year  ( .1  96S - 1 ll70)  average  of  McDonnell's 
profits  (from  Table  C,  5), 

i = . 07  = interest  rate. 


By  use  of  condition  (8),  i.  e.  , 


Case  la.  a - . 5 -*  39.  5 


294.  60  - 86.  88 


915.  1-1 


Case  lb.  a = l - 39.  5 < 207.  72 

Case  1c.  a - 1.5  -*  3 9 . 5 < 138.48 


Case  Id.  a - 5.  5 — 39.  5 > 37.  77 


The  above  results  show  that  it  was  worthwhile  to  follow 
Boeing's  leadership  for  capacity  buildup  if  and  only  if 
technological  advantage  (a)  of  following  Boeing  is  fairly 
large. 

Now  we  determine  McDonnell's  completion  date  of  capacity 
building  (v  ),  By  use  of  Equation  (9),  i.  e.  , 

_J  f i(C  . C(V])] 


wo  estimated  the  values  of  v when  a - 5.5  and  obtained 
v3  = 1.3  years. 

in  short  McDonnell  should  have  followed  Boeing's  1966 
buildup  within  1.  3 years. 

Next  we  determine  what  should  have  heen  the  annual 
investment  in  capacity  during  19'  7 and  1970.  Using 
Equation  (10)  and  a = 5.5,  we  arrive  at: 


y(t)  = $4.02  million. 


Finally,  by  use  of  Equation  (1  J)  wc  derive  maximum 
annual  profit,  M(t),  after  following  Boeing's  lead 
(with  a = 5.5  and  v ^ = 2)  for  the  1 967-68  at 

Max  M(t)  - $1.  15  million/year. 


Lockheed  Under  Boeing's  Leader  ship 
As  sumptions : 

v = 2 years  of  Boeing's  lead  time. 

S = 1.65  = 3 year  (1968-1970)  average  of  Lockheed  profit 
i = . 07  - interest  rate. 

By  use  of  condition  (8),  i.  c.  , 


fs/i> 

C - C(v^) 

, we  ha  ve 

a 

a = 1 

18. 35  < 

294.60  - 119.03 

- 175.  57, 

1 

a = 10 

18.  35  > 

17. 56. 

The  condition  indicates  that  Lockheed  should  have  had 
enormous  technological  advantage  of  following  Boeing, 

i.  c.  , a - 10. 

By  use  of  Equation  (9),  i.  e.  , v , is  not  defined.  That  is, 
v -*  m (or  no  investment  at.  all). 
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Equation  (10)  with  a - 10,  y(t)  - -$1.9  million  per  year. 

And  the  maximum  profit  for  1907-68  is  /,ero;  i.  e.  , 

Max  M(t)  - 0. 
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INSTRUCTIONS 


The  data  requested  refers  to  operations  of  your  company  devoted 
primarily  to  engine  production.  The  data  requested  covers  the  time 
period  1961-1975.  Complete  data  for  this  time  period  is,  of  course, 
desirable  in  terms  of  analyzing  industry  trends.  In  the  case  where 
providing  data  for  each  year  is  extremely  inconvenient,  data  can  bo 
provided  for  the  highest  and  lowest  sales  year  in  this  time  period,  and 
for  1975  only. 

Table  D.  I 

Annual  production  data  for  each  type  of  engine  (aircraft  or  non- 
aircraft  use)  is  desired  for  the  years  indicated.  Location  of  production 
refers  to  the  plant  location  of  final  assembly.  Please  also  provide  infor- 
mation on  those  engines  for  which  substantial  RbD  was  done  or  is  in 
progress  although  no  production  has  occurred. 

Table  D.  ?. 

Application  and  type  refers  to  the  prime  application  (aircraft, 
helicopter,  marine,  trucks,  etc.)  and  the  particular  type  of  engine  (Axial 
Flow  Turbojet,  Turbofan,  etc.)  For  those  engines  mentioned  in  Table  One, 
provide  information  on  this  sheet. 

The  approximate  price  range  should  be  given  in  1975  constant  dollar 
or  indicate  yea  r for  which  estimate  is  made. 

Total  number  sold  indicates  total  number  sold  through  I97rw 

D- 1 


Table  D.  3 

The  current  lead  time  from  order  is  the  time  from  signed  contract 
to  delivery  date.  Please  indicate  in  column  Z-  the  best  lead  time,  acheived 
in  past  production  runs.  Please  indicate  in  column  3 the  actual  in-house 
production  time,  i.e.,  the  time,  once  all  parts  bought  outside  have  boon 
received,  that  is  required  until  final  delivery. 

Table  D.  1 

For  this  table  if  data  for  each  time  period  is  difficult  to  obtain,  you 
may  indicate  current  lead  times  (74-76),  and  the  shortest  and  longest  lead 
time  experienced  in  the  voi-75  time  frame  only. 

Table  IX  5 

Note  that  sales  are  for  engines  only  xcluding  spare  parts, 
engine  rebuilding  and  modifications.  Please  indicate  for  the  total  only 
the  mix  of  domestic  commercial,  domestic  military,  fore  ign  military 
and  foreign  commercial  sales. 

Table  D. 6 

Please  indicate  sales  data  for  spare  and  replacement  parts,  engine 
rebuilding  and  modifications.  Please  indicate  for  the  total  only  the  mix  of 
of  domestic  commercial,  domestic  military,  foreign  military  and  foreign 
commercial  sales. 

Table  H.  7 

Please  indicate  total  backlog  excluding  spare;  parts,  rebuilding,  and 
modifications . Break  total  out  for  four  categories  only. 
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Table  P.  S 

Please  indicate  total  backlog  for  spare  parts  and  replacement, 
modifications  or  rebuilding. 

Table  D. 9 

Pleas  indicate  projection  of  total  sales  including  backlog  lor  both 
engine  production,  spare  parts,  rebuilding  and  modifications . lireak  out 
total  for  the  four  categories  indicated. 

Table  P.  10 

Provide  tin  total  floor  space,  acquisition  cost  of  land  and  buildings, 
and  accrued  depreciation  annually  for  government  and  company  owned 
facilities.  Provide  the  average  age  of  buildings  and  machines  or  tools 
for  1975  only.  Weight  the  age  of  each  building,  madhinc  or  tool  by 
acquisition  cost  in  doing  the  average  calculation  for  1975. 

Indicate  at  bottom  of  sheet  or  on  additional  sheets  any  clarification 
necessary  for  depreciation  method  used  or  basis  for  utilization  percentage 
for  floor  space  and  machinery.  We  realize  that  estimates  may  be  only 
approximate . 

Table  D.  11 

Average  annual  employment  is  number  of  employees  in  each  classification. 
Under  labor  utilization,  provide  the  number  of  hour:,  in  each  shilt,  number 
of  days  for  each  shift,  and  utilization  as  a peri  outage  ol  total  employment 
for  each  shift.  For  instance,  55  per  cent  of  total  employees  might  he  lirst 
shift,  25  second  shift,  and  20  per  Cent  third  shift. 


Table  D.  1 2 

Provide  total  floor  space  by  loc  ation  for  all  company  facilities 
utilized  primarily  for  engine  production  for  1975  only. 

Table  P.  13 

The  cost  information  should  be  given  for  only  the  engine  division, 
of  your  company,  or  for  the  smallest  unit  which  conlains  the  engine 
division  lor  which  such,  data  is  kept. 

A general  cost  format  applicable  to  all  companies  is  diliiculi 
to  construct.  If  your  cost  structure  tits  into  the  format  of  1 able  1).  la, 
provide  this  information.  On  the  other  hand,  your  accounting  system 
may  have  a format  more  easily  tabulated  but  different  than  fable  1).  13.  1 

so,  please  provide"  information  similar  in  level  of  detail  and  disaggregstie 
to  Table  1).  13.  We  al  so  request  you  to  provide  an  income  and  balance  sheet 
for  the  same  division  or  unit  for  1975. 

Table  D.  M 

Include  all  activities  in  the  RDT  and  E area. 

Table  D.  1 5 

Provide  all  information  on  part  s , mate-rials  or  subeontrac's 


procured  outside  U.  S. 


1975 
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Naini1  of  Foreign 

Supplier  or  Sulu-on- 

I rad  or  Country 


1(0111 
a n<l 

Kni\  i no  Hollar  Y ol  u i ! • o 


I 

Tin-  Department  of  Defense  would  like  lo  initiate  pruonv 

I policies  which  keep  engine  cost  low.  maintain  a surge  capacity 

’ emergencies  and  also  maintain  pre-eminence  ot  l .S.  firms  in 

technology.  As  you  view  the  next  five  years  for  your  company 

industry,  could  you  comment  on  the  extent  to  which  each  of  the 

following  will  present  problems?  lie  as  specific  as  possible  . 

the  nature  of  the  problem. 

! 1)  Ability  to  recruit,  train  or 

replace  production  skills 

I 


2)  Ability  to  recruit,  train  or 
replace  key  technical  and 
mn nagi  rial  s kil Is 


Obtaining,  needed  capital 
for  aircraft  engine  division 


1 


ment 
fo  r 

engine 
and  tlie 

bout 


* 


])-  .'0 


4)  Maintaining  cost  competitiveness 
with  foreign  engine  makers 


5)  Maintaining  technical  competi tiveno 
with  foreign  en  .ine  makers 


6)  Protecting  U.S.  I eohuo!  ogy  in 

engines  from  foreign  engimi/mnkers 


71  t'ncertainty  in  timing  and 
amount  of  commorei.t  t sale' 


8)  Uncertainty  in  timing  and 
and  amount  of  military  salt  s 


<■))  Possible  material  shortages 
(which  materials) 


10)  Len  i’.lheiuntt  lead  times  from 
subcont  factors 


II)  Maintaining  reliable 
subcont  ra c I or  s 


r 


I 

II 
II 
I 
I 
] 
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1 
1 
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Top  61  Coinjunii's  in  DOO  Sale: 
Aircraft  Kngincs  1966 

1/ 

s in  — 

Company 

non  1 

Engine  Sah 

1 

, , 1 

United  Aircraft  Corp. 

78y,  3 00 

2 

1 

OK 

622, 592. 

3 

Avco  Corp. 

2‘.'4,  ‘>04 

1 

*t 

GM  Corp. 

1 60, 673 

5 

1 

Curtis  Wright  Corp. 

6o, 046 

6 

Catiadian  Commercial  Corp. 

26,  | 3() 

7 

Continental  Aviation  and  engineering 

1 

Co. 

20, 209 

8 

1 

( !a  r ret  t Co r p. 

1 6, 840 

9 

Bendix  Corp. 

1 2 , 2.4  9 

10 

Chandler  Evans  Corp. 

1 0 , 9 3 1 

1 1 

1 toeing  Co. 

8,  649 

12. 

International  Harvester  co. 

6,  1 2.0 

13 

3 

Mu  rquu  rut  Corp. 

4, 213 

14 

Sunstrand  Corp. 

4,  14  2. 

16 

3 

Kuman  Aire  rail  Corp. 

2,660 

16 

Continental  Motors  Corp. 

2,  099 

17 

Holley  C.irguii'lor  Co. 

2,  065 

18 

1 

N.  American  Aviation  Inc. 

1 , 807 

19 

Champion  Spark  Plug  Co. 

1 , 27  3 

20 

Borg  Warner  6. or]). 

1 , 240 

Z 1 

Woodward  Governor  Co, 

1 . 12.8 

z z 

Airtnotive  Engineering  Corp. 

i 

Thiokol  Chemical  Corp. 

1 , 108 

23 

1,10  7 

24 

Texas  Inst  rumeuts 

<pi4 

26 

1 

1 ,e.t  r Siegle  r Inc . 

U6  6 

26 

tlnited  Air  Lines  Inc, 

944 

27 

3 

Pratt  and  Whitney  Inc. 

860 

28 

Kidd  and  Walter  and  Co.  Inc. 

756 

20 

3 

General  Applied  Science  Lab 

74  8 

1/ 


(000) 


K-l 


J 


p — jpu 


L: 
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1 
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Company 

DOD  engin< 

30 

Sperry  Rand  Corp. 

747 

31 

Vickers  Inc. 

74  3 

32 

Atlas  Corp. 

729 

33 

General  Lab  Assoc.  Inc. 

705 

34 

United  Aircraft  Products  Inc. 

702 

35 

Stein  Seal  Co. 

701 

36 

Jet  Avion  Corp. 

685 

37 

American  Brake  Shoe  Co. 

644 

38 

Aircraft  Porous  Media  Inc. 

64  1 

39 

Vapor  Corp. 

609 

40 

Trans  Sonic s Inc. 

607 

41 

Cal  Val  Rk-D 

541 

42 

Mich.  Dynamics  Inc. 

536 

43 

Gil co  Inc. 

500 

44 

Franklin  .Engine  Co.  Inc. 

497 

45 

Cooperative  Industries  Inc. 

467 

46 

Aerokits  Inc. 

466 

47 

Aircraft  Supply  Co.  Inc. 

4 5 5 

48 

Thompson  Rnmo  Wooldridge  Inc. 

450 

4 9 

S Kif  Industries  Inc. 

44  2 

50 

Jervis  Corp. 

43  5 

51 

Air  Logistics  Corp. 

4 34 

52 

Wilpac  Manufacturing  Co. 

2 

421 

53 

Westinghouso  Electric  Corp, 

4 1 9 

54 

Parker  Hannifin  Corp. 

4 1 6 

55 

Lockheed  Aircraft  Corp. 

4 I 3 

56 

Koppers  Co.  Inc. 

356 

57 

Ford  Motor  Co. 

3 ‘>5 

58 

Northrop  Corp. 

353 

59 

Pacific  Airmofivo  Corp. 

352 

60 

Telcflex  Inc. 

325 

j 


Compan 


61  Whittaker  Corp. 


DOD  Engines  Sales 


— Sales  in  10-C  Cede  A- IB  (Aircraft  Engines  and  Related  Spares  and  Parts) 
3-  Substantially  all  RkP 
2-  Greater  than  50"»  RktD 
1-  10-50%  RStD 


; 1 

I I 

I 

! ] 

I 

I 
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TABLE  E.2 

1/ 

Top  71  Companies  in  DOD  Sales  in 
Aircraft  Engines  1975 


Company 

DOD  Engine  Sale: 

1 

United  Technologies  Corp. 

1 , 05 5,  (.88 

2 

General  Electric  Co. 

544, 351 

3 

General  Motors  Corp. 

2 1 8,  eV> 

4 

Avco  Corp. 

40, 332 

5 

Rolls  Royce  Ltd. 

17,010 

6 

1 

Garrett  Corp. 

12, 397 

7 

1 

Tele  dyne  CAE 

12, 157 

8 

Bendix  Corp. 

1 1 , 243 

9 

, „ 2 

Williams  Research  Corp. 

10,  44 9 

10 

Curtis s Wright  Corp. 

7,  86  1 

1 1 

Sunstrand  Corp. 

7,  24  1 

12 

United  Aircraft  of  West  Virginia 

4,  991 

13 

Canadian  Commercial  Corp. 

4,31  7 

14 

2 

Lockheed  Aircraft  Corp. 

3 , 6 1 5 

15 

TeL  dyne  Inc. 

3,  178 

16 

Chandler  Evans  Corp. 

2,  504 

1 7 

Wilson  Machine  Co.  Inc. 

1 , 890 

18 

Gary  Aircraft  Corp. 

1 , 8 38 

19 

Alamo  Aircraft  Supply  Inc. 

1 , 673 

20 

TeJedyne  Industries  Inc. 

1, 637 

21 

Airmotive  Engineering  Corp. 

1,  531 

y 


[(1001 
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22  Colt  industries  Inc.  1,3  TO 

23  Aircraft  Supplies  1,  1 q2 

24  Lucas  Aerospace  Std.  1,020 

25  TRW  Inc.  94  2 

2 6 Cooper  Ai emotive  Co.  864 

27  Ferrotherm  Co.  898 

28  General  Mfg.  Corp.  83° 

29  Electro  Methods  Inc.  785 

30  Dclavan  Mfg.  Co.  7o0 

31  Woodward  Governor  Co.  756 

32  Pneumo  Corp.  7 5b 

33  Kidde  Walter  and  Cu.  Inc.  76  3 

34  Simmonds  Precision  Products  683 

35  Textron  Inc.  592 

36  Associated  Aerospace  Activities  554 

37  U.  S.  Small  Business  550 

38  Texas  Instruments  Inc.  531 

39  Bioken  Mfg.  Co.  513 

40  Lear  Siegler  Inc.  491 

4 1 l.,o rd  Corp.  476 

42  Teleflex  Inc.  4 70 

43  Koppers  Co.  Inc.  467 

44  Aircraft  Porous  Media  Inc.  464 

45  Hansen  Engineering  and  Mach.  Co.  9 66 


E - 5 


1 

I 


I 

I 
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46 

SKF  Industries  Inc. 

446 

47 

Sperry  Rand  Corp. 

440 

48 

Lytron  Inc. 

429 

49 

Parker  Hannifin  Coip  . 

383 

50 

Gould  Inc. 

377 

51 

Stein  Seal  Co. 

3 75 

52 

Vogue  Instrument 

3 1 5 

53 

Atlas  Corp. 

303 

54 

Abcx  Corp. 

292 

55 

Livingston  Industries  Inc. 

283 

56 

Lenox  Instrument.  Co. 

278 

57 

Fcrnval  International  Inc. 

268 

58 

International  Harvester  Co. 

266 

50 

Jet  Avion  Corp. 

254 

60 

Champion  Co. 

253 

61 

Boeing  Verlol  Co. 

252 

62 

Stow  Mfg.  Co. 

243 

6 3 

Arkwin  Industries  Inc. 

236 

64 

Boeing  Co. 

236 

65 

Bendix  Aulolite  Corp. 

226 

66 

Hoard  CF  Welding  and  l'ngr.  Co. 

223 

67 

Superior  Air  Parts  Inc. 

22  3 

68 

Lynch  Corp. 

2 1 2 

! 6 


r 


69  Ba  ilcy  IIN  &•  Ansocial 


210 


70  Norwood  Precision  Products  Inc. 


205 


I 

I 

I 

I 

I 

I 


I 


I 

I 

l 

] 

3 

I 

I 

I 
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Dyna  Empire  Inc. 


— Sales  in  IO-C  Code  A-1B  (Aircraft  Industry) 
3-  Substantially  all  1UJ) 

2-  Greater  than  50%  R&.D 
1-  10-50%  RkD 
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